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INTRODUCTION
Water quality objectives are a statement of the goals of the 1972
Great Lakes Water Quality Agreement. Canada and the United States,
concerned about the grave deterioration of water quality of the Great
Lakes, agreed that the best means to achieve improved water quality in
the Great Lakes System is through the adoption of common objectives, the
development and implementation of cooperative programs and other measures,
and the assignment of special responsibilities and functions to the
International Joint Commission.
Canada and Ontario have agreed that the specific water quality
objectives of the Agreement shall be the least stringent target used by
them in establishing water quality standards or other regulatory requirements
for the boundary waters of the Great Lakes System. The states in the
Great Lakes Basin generally consider the Agreement's specific water
quality objectives in establishing federally approved state water quality
standards for the boundary waterswithin their jurisdiction.
Under Article VI of the Agreement, the International Joint Commission
was designated to assist in the implementation of the Agreement. Among
the responsibilities given to the Commission was the "Tendering of
advice and recommendations to the Parties and to the State and Provincial
Governments on problems of the quality of the boundary waters of the
Great Lakes System, including specific recommendations concerning the
water quality objectives...". Further, the Commission was directedto
establish a Great Lakes Water Quality Board to assist it and serve as
principal advisor to the Commission with regard to the exercise of the
powers and responsibilities (other than assistance in the coordination
of research) assigned to it under the Agreement.
The Water Quality Board formed a Water Quality Objectives Subcommittee
to assess the adequacy of the objectives in the Agreement and develop
new or revised objectives. This Subcommittee, assisted by the Research
Advisory Board's Standing Committee on the Scientific Basis for Water
Quality Criteria, has been developing specific water quality objectives
for a range of parameters, which if not exceeded willprotect the most
sensitive beneficial use of the boundary waters. However, it is recognized
that there must bethorough public discussions on the social and economic
implications, and the desirability of attempting to secure and protect
all the waters of the Great Lakes for the most sensitive beneficial use.
In its 1974 and 1975 Annual Reports to the Commission the Great
Lakes Water Quality Board recommended new and revised specific water
quality objectives.
 The Commission now has the responsibility of recommending to the
Governments whether or not the objectives recommended to it by the Water
Quality Board should be incorporated into the Agreement.
Prior to
making such recommendations, the Commission desires to have the benefit
of public comment on the objectives.
This document is designed to
outline to interested groups and individuals the specific water quality
objectives that are being proposed.
Before the Water Quality Objectives Subcommittee could develop new
water quality objectives,
it was necessary to agree upon a definition of
water quality "objectives" and a framework or philosophy for their
establishment and use.
This conceptual
framework is summarized in Section
II of this report.
It should be recognized that the Agreement
signed
in 1972 contained
general
objectives
and a
limited
number
of
specific water
quality
objectives.
For ease of reference,
the existing general and
specific water quality
objectives in the Agreement
(Article II, Article
III and Annex 1) are reproduced
in
Section
III.
Although
the
Agreement
calls
for
a
refined
objective
for
radioactivity,
this
is
currently
being
reviewed
by
the
Canadian
and
United
States Governments and will be considered by the International Joint
Commission at a later date.
Section IV presents a proposed reorganization of Annex 1 of the
Agreement
listing
all
the existing
and
proposed
new
or revised
specific
water quality objectives.
The
recommended
new
or revised
objectives
are
specified
in Section
V.
Recommendations
are also
presented
for
changes
in the
wording
of
the
Agreement
to
clarify
the
ideas
presented
therein
and
to reinforce
the
intent
of
the
Agreement
to
"maintain
or
enhance"
existing
water
quality
where
it is better than that described by the objectives.
In
addition
to
the
new
objectives
which
have
been
recommended
by
the
Board,
the
Water
Quality Objectives
Subcommittee
has developed
objectives
for
several
other
parameters
which
are
still
under
review
by
the
Board.
These
are
listed
in
Section
VI
along
with
a
list
of
parameters
which will be considered in the near future.
The
"rationale"
and
scientific
basis
for
each
of
the
recommended
new
or
revised
specific
water
quality
objectives
are
presented
in
Section
VII.
These
rationales
consist
of
a
compendium
of
two
year's
work
by
the
Water
Quality
Objectives
Subcommittee
(See
Section
VIII
for
list
of
Members)
of
the
Great
Lakes
Water
Quality
Board
and
the
Standing
Committee
on
the
Scientific
Basis
for
Water
Quality
Criteria
(see
Section
IX)
of
the Great
Lakes
Research Advisory
Board.
The
best
scientific
data
available
were
used
in
the
formulation
of
the
arguments
presented
and
were
previously published
in
the
1974
and
1975
Appendix
"A"
— Water
Quality
Objectives
Subcommittee
Reports
of
the
Annual
Reports
of
the
Great Lakes Water Quality Board.
 APPROACH TO THE ESTABLISHMENT
AND USE OF WATER QUALITY OBJECTIVES
What are the Objectives?
 
Art
icl
e I
V o
f t
he
190
9 B
oun
dar
y W
ate
rs
Tre
aty
bet
wee
n t
he
Uni
ted
Sta
tes
and
Can
ada
sta
tes
, a
mon
g o
the
r t
hin
gs,
tha
t "
bou
nda
ry
wat
ers
and
wat
ers
flo
win
g
acr
osst
he
bou
nda
ry
sha
ll
not
be
pol
lut
ed
on
eit
her
sid
e
to t
he i
njur
y of
heal
th o
r pr
oper
ty o
f th
e ot
her"
.
The
1972
Grea
t La
kes
Wate
r Qu
alit
y Ag
reem
ent
is a
spec
ific
appl
icat
ion
of t
his
prin
cipl
e.
Arti
cles
II a
nd I
II o
f th
e 19
72 A
gree
ment
set
out
the
gene
ral
obje
ctiv
es
and
som
e s
pec
ifi
c o
bje
cti
ves
to
be
met
to
ens
ure
tha
t p
oll
uti
on
of
the
bou
nda
ry
wat
ers
doe
s n
ot
occ
ur.
Art
icl
es
IV,
V a
nd
X d
esc
rib
ed
sta
nda
rds
and
oth
er
reg
ula
tor
y r
equ
ire
men
ts,
rem
edi
al
pro
gra
ms
and
oth
er
mea
sur
es
to be implemented to meet the objectives.
In o
rder
to d
evel
op a
ddit
iona
l sp
ecif
ic w
ater
qual
ity
obje
ctiv
es i
t wa
s
firs
t ne
cess
ary
to a
gree
upon
a ge
nera
l fr
amew
ork
or p
hilo
soph
y as
a ba
sis
for
deve
lopi
ng t
he o
bjec
tive
s.
This
fram
ewor
k an
d ph
ilos
ophy
was
publ
ishe
d
in t
he W
ater
Qual
ity
Boar
d's
1974
Annu
al R
epor
t an
d it
s Ap
pend
ix "
A".
It i
s
pre
sen
ted
her
e t
o p
rov
ide
the
nec
ess
ary
bac
kgr
oun
d f
or
a c
omp
reh
ens
ive
understanding of the proposed objectives and their intended use.
Water Quality Criteria and Objectives
Water quality objectives describe a minimum quality of water which,
by
pro
tec
tin
g t
he
mos
t c
rit
ica
l u
se,
wil
l p
rov
ide
for
any
spe
cif
ic
use
of
the
water. These objectives are to be achieved by remedial programs in all
wate
rs
of t
he G
reat
Lake
s S
yste
m us
ed f
or v
ario
us p
urpo
ses,
such
as f
or d
rink
ing
water
, re
creat
ional
activ
ities
, as
fish
habit
at,
and
indus
trial
and
agric
ultur
al
uses. However, the Agreement recognized that adjacent to sewer outfalls and
other effluent discharges, relatively small mixing zones, in which water
is
not
use
d f
or
ben
efi
cia
l p
urp
ose
s,
sho
uld
be
del
ine
ate
d.
In
the
se
mix
ing
zone
s th
e ob
ject
ives
woul
d no
t be
met.
In a
ddit
ion,
the
Agre
emen
t r
ecog
nize
d
that
some
"loc
aliz
ed a
reas
",
such
as h
arbo
urs,
will
take
a lo
ng t
ime
to b
e
restored to good water quality due largely to non—controllable sources of
poll
utio
n.
Gove
rnme
nts
arou
nd t
he l
akes
were
to d
esig
nate
such
mixi
ng z
ones
and
other
areas
under
agree
d gu
ideli
nes,
and
none
of th
ese w
ere
to ex
tend
acros
s
the international border.
In developing specific water quality objectives, the philosophy of
protecting the most sensitive use was employed. In most cases, the
objectives are recommended to protect aquatic life. Protection
  
of public water supply is employed next in frequency. Aesthetic and/or
recreational uses are most sensitive for a few parameters.
Local biota and local natural or ambient water quality characteristics can
result in a different response than that assumed in the establishment of a
particular objective. The objective may be more restrictive than necessary
or conversely, meeting the general and specific objectives may not guarantee
protection of uses.
Water quality criteria on which the proposed objectives are based were
drawn from a bank of information which is constantly being updated.
As new
studies are completed they add to this information bank.
Because new
data and information may lead to modified recommendations, the objectives
are subject to continual review.
An inadequate
scientific data base exists to permit the establishment of
numerical objectives for certain non—persistent toxic substances and complex wastes.
To provide a reasonable degree of protection from the potential effects of such
substances and discharges, criteria are recommended by which an objective can
be developed for local situations.
These criteria recommend that the local
jurisdiction conduct specified bioassay tests on the most sensitive and
important
local aquatic species, and apply an appropriate application factor to toxicity
data so derived.
Such criteria may be termed procedural objectives.
Numerical
objectives
for
metals were
established with
the
knowledge
that
natural
conditions
might
cause
some areas
of the
lakes
to
be
out
of
compliance.
The objectives were determined on the basis of total metal concentrations
and
not
upon
the
concentration of
the
most
toxic
form
of
the metal.
At
present,
there
is
insufficient
data
to enable
the
setting
of
objectives
on the
basis
of
a
toxic
metal
species.
Research
into
the
toxicity~speciation
problem
is
needed,
as
well
as
the
development
of
routine
analytical
techniques
for
surveillance
purposes
to identify metal
species.
Protection of Public Health
 
The
objectives
are
intended
to
protect
the
Great
Lakes
waters
as
a
raw
public
water
supply
which
will
produce
a
safe,
clear,
potable
and
aesthetically
pleasing
water
after
treatment.
It
is
not
intended
to
provide
protection
of
Great
Lakes
waters
for
domestic
use
without
treatment
and
objectives
have
not
been
designed
to
protect
for
untreated domestic
use.
The
minimum
level
of
water
treatment
prior
to
human
consumption
includes
coagulation,
sedimentation,
filtration
and
disinfection.
Often
a
numerical
objective
specified
for
a
contaminant
to
protect
raw
public
water
supplies
is
the
same
as an established drinking water standard because:
1)
information
is
inadequate
on
the
effect
of
the
defined
treatment
process
on contaminant removal; or
 2)
the
defi
ned
trea
tmen
t p
roce
ss i
n in
cons
iste
nt
in c
onta
mina
nt r
emov
al;
or
3)
the
defi
ned
trea
tmen
t p
roce
ss i
s in
effe
ctiv
e in
cont
amin
ant
remo
val.
Mixing Zones
The
Agre
emen
t de
scri
bes
a mi
xing
zone
as a
n ar
ea w
ithi
n wh
ich
spec
ific
wate
r q
uali
ty o
bjec
tive
s sh
all
not
appl
y.
Sinc
e s
peci
fic
wate
r qu
alit
y
obje
ctiv
es
desc
ribe
the
mini
mum
qual
ity
of w
ater
whic
h wi
ll p
rovi
de
for
and
pro
tec
t a
ny
des
ign
ate
d u
se,
it
fol
low
s t
hat
a m
ixi
ng
zon
e r
epr
ese
nts
enc
roa
ch—
ment
on u
seab
le w
ater
s in
most
case
s an
d i
mpli
es a
loss
of u
se o
r a
loss
of
value; in essence some form of trade off.
In i
ts p
rese
nt f
orm
the
Agre
emen
t r
estr
icts
mixi
ng z
ones
to t
he "
vici
nity
"
of o
utfa
lls,
urge
s ke
epin
g lo
cali
zed
area
s to
a "m
inim
um"
and
esta
blis
hes
a
non—
degr
adat
ion
phil
osop
hy o
f ta
king
"rea
sona
ble
and
prac
tica
ble
meas
ures
"
to m
aint
ain
or e
nhan
ce w
ater
qual
ity
wher
e it
is b
ette
r t
han
the
pres
crib
ed
objectives. These definitions are not considered by the Board to be
adequate to prevent excessive areas of the Great Lakes from remaining in
non—compliance or to prevent excessive areas of exceptionally high
quality from being downgraded in the future.
To further encourage consistency in management by the various enforcement
agen
cies
, g
uide
line
s f
or m
ixin
g zo
nes
have
been
deve
lope
d.
Thes
e we
re b
ased
upon
prin
cipl
es o
f go
od w
ater
mana
geme
nt
and
incl
ude
desc
ript
ions
of d
esir
able
conditions within, and desirable locations for, these zones.
Each
obje
ctiv
e al
one
shou
ld p
rovi
de p
rote
ctio
n fr
om t
he e
ffec
ts o
f th
at
spec
ific
cond
itio
n; h
owev
er,
the
safe
ty f
acto
r is
very
smal
l fo
r so
me c
ondi
tion
s an
d
unkn
own
for
othe
rs.
It c
anno
t be
assu
med
that
when
two
or m
ore
mini
mum
cond
itio
ns
as d
efin
ed b
y sp
ecif
ic n
umer
ical
obje
ctiv
es o
ccur
simu
ltan
eous
ly
that
prot
ecti
on
for each of the uses is assured. Antagonistic, additive or synergistic effects
may OCCur. Considering the infinite combinations of water quality characteristics,
it w
ill
neve
r be
poss
ible
to p
redi
ct a
ll o
f th
e ef
fect
s of
thes
e co
mbin
atio
ns
even for adult organisms, much less for their life history stages and processes.
Howev
er,
the p
ropos
ed ob
jecti
ves
are b
ased
on th
e bes
t sc
ienti
fic
knowl
edge
prese
ntly
available.
Spec
ific
wate
r qu
alit
y ob
ject
ives
are
to b
e me
t at
the
peri
pher
y of
mixi
ng
zones and therefore water quality outsidethe mixing zone should at all times
meet the objectives.
Non—Degradation
In
tho
se
are
as
whe
re
wat
er
qua
lit
y i
s b
ett
er
tha
n t
hat
pro
pos
ed
by
the
obje
ctiv
es,
the
Agre
emen
t ca
lls
for
"all
reas
onab
le a
nd p
ract
icab
le
mea
sur
es"
to
pre
ven
t d
egr
ada
tio
n i
n t
hes
e h
igh
qua
lit
y w
ate
rs.
Car
ryi
ng
this
nond
egra
dati
on p
hilo
soph
y a
step
furt
her,
it i
s pr
opos
ed t
hat
the
cou
ntr
ies
als
o r
eco
gni
ze
and
pro
vid
e f
or
the
pot
ent
ial
for
enh
anc
eme
nt.
This
smal
l al
tera
tion
in a
ppro
ach
enco
urag
es
furt
her
impr
ovem
ent,
part
icul
arly
in the open water areas of the lakes.
Fed
era
l,
Sta
te
and
Pro
vin
cia
l
jur
isd
ict
ion
s
hav
e
the
aut
hor
ity
to
ado
pt
a m
ore
agg
res
siv
e
non
—de
gra
dat
ion
pol
icy
tha
n
tha
t
cur
ren
tly
pro
vid
ed.
To
enc
our
age
suc
h
pol
ici
es,
the
ass
ume
d
fra
mew
ork
inc
lud
ed
the
con
cep
t
of
jur
isd
ict
ion
all
y
des
ign
ate
d
are
as
whi
ch
hav
e
out
sta
ndi
ng
nat
ura
l
res
our
ce
val
ue
and
exi
sti
ng
wat
er
qua
lit
y
bet
ter
tha
n
the
obj
ect
ive
s
wit
hin
whi
ch
the
exi
sti
ng
wat
er
qua
lit
y
shO
uld
be
mai
nta
ine
d
or
fur
the
r
enh
anc
ed.
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GREAT LAKES WATER QUALITY OBJECTIVES
The
fol
low
ing
gen
era
l w
ate
r q
ual
ity
obj
ect
ive
s f
or
the
bou
nda
ry
wat
ers
of the Great Lakes System are adopted.
(a)
(b)
(c)
(d)
(e)
1.
These waters should be:
Fre
e f
rom
sub
sta
nce
s t
hat
ent
er
the
wat
ers
as
a r
esu
lt
of
hum
an
act
ivi
ty
and
tha
t w
ill
set
tle
to
for
m p
utr
esc
ent
or
oth
erw
ise
obj
ect
ion
abl
e s
lud
ge
dep
osi
ts,
or
tha
t w
ill
adversely affect aquatic life or waterfowl;
Free from floating debris, oil, scum and other floating
mat
eri
als
ent
eri
ng
the
wat
ers
as
a r
esu
lt
of
hum
an
act
ivi
ty
in amounts sufficient to be unsightly or deleterious;
Free from materials entering the waters as a result of
human activity producing colour, odour or other conditions
in such a degree as to create a nuisance;
Free from substances entering the waters as a result of human
activity in concentrations that are toxic or harmful to human,
animal or aquatic life;
Free from nutrients entering the waters as a result of
human activity in concentrations that create nuisance
growths of aquatic weeds and algae.
w
SPECIFIC WATER QUALITY OBJECTIVES
The specific water quality objectives for the boundary waters of
the Great Lakes System set forth in Annex 1 are adopted.
2.
The speCific water quality objectives may be modified and additional
specific water quality objectives for the boundary waters of the Great
Lakes System or for particular sections thereof may be adopted by the Parties
in accordance with the provisions of Articles IX and XII of this Agreement.
  
3.
4.
The
specific water
quality
objectives
adopted
pursuant
to
this
Article
represent
the
minimum
desired
levels
of
water
quality
in
the
boundary
waters
of
the
Great
Lakes
System
and
are
not
intended
to
preclude
the
establishment
of more
stringent
requirements.
Notwithstanding
the
adoption
of
specific
water
quality
objectives,
all
reasonable
and
practicable
measures
shall
be
taken
to
maintain
the
levels
of
water
quality
existing
at
the
date
of
entry
into
force
of
this
Agreement
in
those
areas
of
the
boundary
waters
of
the
Great
Lakes
System
where
such
levels
exceed
the
specific
water
quality
objectives.
1. Specific Objectives.
Alle
SPECIFIC WATER QUALITY OBJECTIVES
The
specific
water
quality
objectives
for
the
boundary
waters
of
the
Great
Lakes
System
are
as
follows:
(a)
(b)
(c)
Microbiology.
The
geometric
mean
of
not
less
than
five
samples
taken
over
not
more
than
a
thirty—day
period
should
not
exceed
1,000/100 millilitres
total
coliforms,
nor
200/100
millilitres
fecal
coliforms.
Waters
used
for
body
contact
recreation activities
should
be substantially
free
from bacteria,
fungi,
or
viruses
that
may
produce
enteric
disorders
or
eye,
ear,
nose,
throat
and
skin
infections
or other
human
diseases and infections.
Dissolved
Oxygen.
In the
Connecting
Channels
and
in
the upper
waters
of
the
Lakes,
the
dissolved
oxygen
level should be not less than 6.0 milligrams per litre
at any time;
in hypolimnetic waters,
it should be not
less than necessary for the support of fishlife,
particularly cold water species.
Total
Dissolved
Solids.
In Lake
Erie,
Lake
Ontario
and
the International Section of the St. Lawrence
River,
the level of total dissolved solids should not
exceed 200 milligrams per litre. In the St. Clair
River, Lake St. Clair, the Detroit River and the
Niagara RiVer, the leVel should be consistent with
(d)
(e)
(f)
(g)
(h)
2. Interim Objectives.
  
mai
nta
ini
ng
the
lev
els
of
tot
al
dis
sol
ved
sol
ids
in
Lak
e E
rie
and
Lak
e O
nta
rio
at
not
to
exc
eed
200
mil
li-
gra
ms
per
lit
re.
In
the
rem
ain
ing
bou
nda
ry
wat
ers
,
pen
din
g f
urt
her
stu
dy,
the
lev
el
of
tot
al
dis
sol
ved
solids should not exceed present levels.
Tas
te
and
Odo
ur.
Phe
nol
s
and
oth
er
obj
ect
ion
abl
e t
ast
e
and
odo
ur
pro
duc
ing
sub
sta
nce
s
sho
uld
be
sub
sta
nti
all
y
absent.
25.
Val
ues
sho
uld
not
be
out
sid
e
the
ran
ge
of
6.7
to
8. .
Iron (Fe).
litre.
Levels should not exceed 0.3 milligrams per
Phosphorus_£§l. Concentrations should be limited to
the extent necessary to prevent nuisance growths of
algae, weeds and slimes that are or may become injurious
to any beneficial water use.
Radioactivity. Radioactivity should be kept at the
lowest practicable levels and in any event should be
controlled to the extent necessary to prevent harmful
effects on health.
Until objectives for particular sub-
stances and effects in the classes described in this paragraph are
further refined, the objectives for them are as follows:
(a)
(b)
(c)
(d)
Temperature. There should be no change that would
adversely affect any local or general use of these
waters.
Mercury and Other Toxic Heavy Metals. The aquatic
environment should be free from substances attributable
to municipal, industrial or other discharges in con-
centrations that are toxic or harmful to human, animal
or aquatic life.
Persistent organic Contaminants. Persistent pest
control products and other persistent organic contaminants
that are toxic or harmful to human, animal
or aquatic life should be substantially absent in the waters.
Settleable and Suspended Materials. Waters should be
free from substances attributable to municipal,
industrial or other discharges that will settle to form
putrescent or otherwise objectionable sludge deposits,
or that will adversely affect aquatic life or waterfowl.
10
  
(e) Oil, Petrochemicals and Immiscible Substances. Waters
should be free from floating debris, oil, scum and
other floating materials attributable to municipal,
industrial or other discharges in amounts sufficient to
be unsightly or deleterious.
3.
Non—degradation.
Notwithstanding the adoption of specific
water
quality
objectives,
all
reasonable and
practicable measures
shall
be taken in accordance with paragraph 4 of Article III of the
Agreement to maintain the levels of water quality existing at the
date of entry into force of the Agreement in those areas of the
boundary waters of the Great Lakes System where such levels
exceed
the specific water quality objectives.
'
4.
Sampling
Data.
The Parties
agree
that
the
determination
of
compliance
with
specific
objectives
shall be
based
on
statistically valid
sampling
data.
5.
Mixing
Zones.
The responsible regulatory agencies may designate
restricted mixing zones in the Vicinity of outfalls within which the specific
water quality objectives shall not apply.
Mixing
zones shall not be
considered a substitute for adequate treatment
or control of
discharges at their source.
6.
Localized Areas.
There will be other restricted,
localized areas,
such as harbours, where existing
conditions such as land drainage and land
use will prevent
the objectives from being met at least over the short term;
such
areas,
however,
should be
identified
specifically and
as
early
as
possible by the responsible regulatory agencies and should be kept to a
minimum.
Pollution from such areas
shall not contribute to the violation of
the water quality objectives in the waters of the other Party.
The
International Joint Commission shall be notified of the identification of
such localized areas, in accordance with Article VIII.
7.
Consultation.
The Parties agree to consult within one year from
the date of entry into force of the Agreement,
for the purpose
of
considering:
(a) Specific water quality objectives for the following
substances:
Ammonia Copper Oil
Arsenic Cyanide Organic chemicals
Barium Fluoride Phenols
Cadmium Lead Selenium
Chloride “Mercury Sulphate
Chromium Nickel Zinc
11
(b)
(a)
(b)
  
Refined objectives for radioactivity and temperature;
for radioactivity the objective shall be considered in the
light of the recommendations of the International Commission
on Radiation Protection.
Amendment.
The objectives adopted herein shall be kept under
review and may be amended by mutual agreement of
the Parties.
Whenever the International Joint Commission, acting
pursuant to Article VI of the Agreement, shall
recommend the establishment of new or modified specific
water quality objectives, this Annex shall be amended
in accordance with such recommendation on the
receipt by the Commission of a letter from each Party
indicating its agreement with the recommendation.
12
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PRO
POS
ED
ANN
EX
1 —
OF
THE
GRE
AT
LAK
ES
WAT
ER
QUA
LIT
Y
AGR
EEM
ENT
1. Specific Objectives
A. Chemical Characteristics
(1) Persistent Toxic Substances
(a) Organic
(i) Pesticides
Aldrin/Dieldrin (2)
Chlordane (2)
DDT and Metabolites (2)
Endrin (2)
Heptachlor (2)
Lindane (2)
Methoxychlor (2)
Toxaphene (2)
(ii) Other Compounds
Phthalic Acid Esters (2)
Polychlorinated Biphenyls (2)
Other Organic Contaminants (2)
(b) Inorganic
(i) Metals
Arsenic (2)
Cadmium (2)
Chromium (2)
Copper (3)
Iron (3)
Lead (2)
Mercury (2)
Nickel (3)
Selenium (2)
Zinc (2)
(ii) Others
Fluoride (2)
Total Dissolved Solids (l)
(2) Non—Persistent Toxic Substances
(a) Organic
(1) Pesticides
General Objective (1)
Diazinon (2)
Guthion (3)
Parathion (3)
(Continued)
14
\J
O
N
U
T
D
U
J
N
NOTE:
(1)
(2)
(3)
 
(ii) Other Compounds
Cyanide (3)
Oil and Petrochemicals (2)
Unspecified Non-Persistent Toxic
Substances and Complex Effluents (2)
(b)
Inorganic
Ammonia (3)
Chlorine (3)
Hydrogen Sulf ide (3)
(3) Other Substances
(a) Dissolved Oxygen (l)
(b) PH (2)
(c) Nutrients
(1) Phosphorus (l)
(d) Tainting Substances (2)
B. Physical Characteristics
(1)
Se
tt
le
ab
le
an
d
Su
sp
en
de
d
So
li
ds
an
d
Li
gh
t
Tr
an
sm
is
si
on
(2)
(2) Temperature (3)
(3) Asbestos (2)
(4) Radioactivity (1)
C. Microbiological Characteristics (1)
Non-degradation (2)
Enhancement (2)
Sampling Data (1)
Mi
xi
ng
Zi
ne
s
(G
ui
de
li
ne
s
fo
r
De
si
gn
at
io
n)
(2)
Localized Areas (1)
Amendment (1)
Ex
is
ti
ng
sp
ec
if
ic
wa
te
r
qu
al
it
y
ob
je
ct
iv
e
fo
r
wh
ic
h
no
ch
an
ge
is
re
co
mm
en
de
d
at
th
is
ti
me
-
Se
e
Se
ct
io
n
III
.
Ne
w
or
re
vi
se
d
sp
ec
if
ic
wa
te
r
qu
al
it
y
ob
je
ct
iv
e
be
in
g
re
co
mm
en
de
d
fo
r
adoption — See Section V.
Ne
w
wa
te
r
qu
al
it
y
ob
je
ct
iV
e
un
de
r
de
ve
lo
pm
en
t.
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NEW AND REVISED
SPECIFIC WATER QUALITY OBJECTIVES
RECOMMENDED FOR ADOPTION
BY THE
GREAT LAKES WATER QUALITY BOARD
  
SPECIFIC WATER QUALITY OBJECTIVES RECOMMENDED FOR ADOPTION
Rationale
Reference ‘
PESTICIDES (PERSISTENT)
NEW Aldrin/Dieldrin
The sum of the concentrations of aldrin and dieldrin in 34
water should not exceed the recommended quantifi—
cation limit of'0.00] micrograms per litre. The sum of
concentrations of aldrin and dieldrin in the edible
portion of'fish should not exceed 0.3 micrograms per
gram for the protection of human consumers of fish.
 
Note:
Based on U.S. Food and Drug Administration guidelines.
EEE‘ Chlordane
The
concentration
of chlordane
in water
should
not
37
exceed
0.06 micrograms
per
litre for
the
protection
of aquatic 7ife.
NEW DDT and Metabolites
The
sum
of
the
concentrations
of
DDT
and
its
metabolites
39
in water
should
not
exceed
the
recommended
quantifi-
cation
limit
of
0.003 micrograms
per
litre.
The
sum of
the concentration of DDT and its metabolites in whole
fish
(wet weight
basis)
should
not
exceed
7.0 micro-
grams
per gram
for
the protection of fish
consuming
aquatic birds.
ygg Endrin
The
concentration
of endrin
in water should
not
exceed
41
the recommended quantification limit of 0.002 micrograms
per
litre.
The
concentration
of
endrin
in
the edible
portion of fish should not exceed 0.3 micrograms per
gram for the protection of human consumers of fish.
Note:
Based
on
U.S.
Food
and
Drug
Administration
guidelines.
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SPECIFIC WATER QUALITY OBJECTIVES RECOMMENDED FOR ADOPTION
NEW
Note:
PESTICIDES (Cont'd)
Heptachlor
The sum of the concentrations of heptachlor and hepta—
chlor epoxide in water should not exceed the
recommended quantification limit of 0.001 micrograms
per litre. The sum of the concentrations of heptachlor
and heptachlor epoxide in edible portions of fish
should not exceed 0.5 micrograms per gram for the
protection of'human consumers of fish.
Based on U.S. Food and Drug Administration guidelines.
Rationale
Reference
43
NEW
Note:
Lindane
The concentration of lindane in water should not exceed
0.0] micrograms per litre for the protection of aquatic
life. The concentration of lindane in edible portions
of fish should not exceed 0.3 micrograms per gram for
the protection of human consumers of fish.
Based on U.S. Food and Drug Administration guidelines.
45
NEE
Methoxgchlor
The concentration of methoxychlor in water should not
exceed 0.04 micrograms per litre for the protection of
aquatic life.
47
 
NEW Toxgphene
The concentration of toxaphene in water should not
exceed 0.008 micrograms per litre for the protection
of aquatic life.
49
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SPECIFIC WATER QUALITY OBJECTIVES RECOMMENDED FOR ADOPTION
NEW
Rationale
Reference
OTHER TOXIC PERSISTENT COMPOUNDS
Phthalic Acid Esters
The
concentrations
of dibutyl
phthalate
and di(2—
51
ethylhexyl) phthalate in water should not exceed 4.0
micrograms
per
litre
and
0.6 micrograms
per
litre,
respectively,
for
the protection
of aquatic
life.
Other
phthalic
acid
esters
should
not
exceed
the
recommended
quantification
limit of
0.2 micrograms
per
litre
in
waters
for
the
protection
of
aquatic
life.
 
NEW
Polgchlorinated
Biphenyls
(PCBs)
The
concentration
of
total
polychlorinated
biphengls
55
in
fish
tissues
(whole
fish,
calculated
on
a
wet
weight
basis),
should
not
exceed
0.]
micrograms
per
gram
for
the
protection
of
fish
consuming
birds
and
animals.
Note:
The
detection
limit
for
PCBS
in
water
samples
is
not
low
enough
to
permit
setting
a
water
quality
objective
for
concentrations
in water.
detectable in fish tissue.
Therefore
the
proposed
objective
is
based
on
levels
It
is
believed
that
water
concen-
trations
less
than
0.001
micrograms
per
litre
would
be
required
to
preclude
significant
bioaccumulation
of
PCBs.
The
U.S.
Food
and
Drug
Administration
has
set
an
administrative
guideline
of
5
micrograms
per
gram
of
PCB
as
the
maximum
levels
acceptable
in
the
edible
portion
of
fish
for
human
consumption.
The
Canadian
Department
of
National
Health
and
Welfare
has
set
a
similar
guideline
at
2
micrograms
per
gram
of
PCB.
The
Board
is
recommending
a
more
stringent
objective
for
the
Great
Lakes
to
protect
birds
and
animals
whose
main
diet
consist
of
fish
from
the
lakes.
20
 
  
SPECIFIC WATER QUALITY OBJECTIVES RECOMMENDED FOR ADOPTION
 
Rationale
Reference
OTHER TOXIC PERSISTENT SUBSTANCES
NEW Other Organic Contaminants
For other organic contaminants, the levels of which are 60
not specified but which can be demonstrated to be
persistent and are likely to be toxic, it is
recommended that the concentrations of such compounds
in water or aquatic organisms be limited to the
detection level as determined by the best scientific
methodology available at the time.
METALS
NEW Arsenic
Concentrations of total arsenic in an unfiltered water 76
sample should not exceed 50 micrograms per litre to
protect raw waters for public water supplies.
NEW Cadmium
Concentrations of total cadmium in an unfiltered water 80
sample should not exceed 0.2 micrograms per litre to
protect aquatic life.
NEW Chromium
Concentrations of total chromium in an unfiltered water 91
sample should not exceed 50 micrograms per litre to
protect raw waters for public water supplies.
NEW Lead
Concentrations of total lead in an unfiltered water 95
 
sample should not exceed 10 micrograms per litre in
Lake Superior, 20 micrograms per litre in Lake Huron
and 25 micrograms per litre in all remaining Great
Lakes to protect aquatic life.
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Rationale
Reference
METALS (Cont'd)
NEW Mercurl
Con
cen
tra
tio
ns
of
tot
al
mer
cur
y i
n a
fil
ter
ed
wat
er
sam
ple
101
sho
uld
not
exc
eed
0.2
mic
rog
ram
s
per
lit
re
nor
sho
uld
the
con
cen
tra
tio
n o
f
tot
al
mer
cur
y
in
who
le
fis
h
exc
eed
0.5
micrograms per gram (wet weight basis) to protect
aquatic life as well as fish—consuming birds.
NEW Selenium
Con
cen
tra
tio
ns
of
tot
al
sel
eni
um
in
an
unf
ilt
ere
d w
ate
r
108
sam
ple
sho
uld
not
exc
eed
10
mic
rog
ram
s p
er
lit
re
to
protect raw water for public water supplies.
NEW Zinc
Conc
entr
atio
ns o
f to
tal
zinc
in a
n un
filt
ered
wate
r
117
sample should not exceed 50 micrograms per litre to
protect aquatic life.
OTHER INORGANICS
NEW Fluoride
Concentrations of total fluoride in an unfiltered water 122
sample should not exceed 1.2 milligrams per litre to
protect raw waters for public water supplies.
22
 
  
SPECIFIC WATER QUALITY OBJECTIVES RECOMMENDED FOR ADOPTION
  
Rationale
Reference
PESTICIDES (NON—PERSISTENT)
NEW General Objective
Concentrations of unspecified, non—persistent pesticides 134
should not exceed 0.05 of the median lethal concentration
in a 96—hour test for any sensitive local species.
NEW Diazinon
The concentration of‘Diazinon in an unfiltered water 136
sample should not exceed 0.Q8 micrograms per litre
for the protection of aquatic life.
OTHER NON—PERSISTENT ORGANIC SUBSTANCES
REVISED
Oil and Petrochemicals
Oil
and
pet
roc
hem
ica
ls
sho
uld
not
be
pre
sen
t i
n c
onc
en-
140
trations that:
J) can be detected as visible film, sheen or dis-
colouration on the surface;
2) can be detected by odour;
3) can cause tainting of fish or edible
invertebrates;
4) can form deposits on shorelines and bottom
sediments that are detectable by sight or odour, or
deleterious to resident aquatic organisms.
EXISTING
Oil and Petrochemicals
Oil, Petrochemicals and Immiscible Substances. Waters
should be free from floating debris, oil, scum and other
floating materials attributable to municipal, industrial
or other discharges in amounts sufficient to be unsightly
or deleterious.
Oil or petrochemicals should not be present in concen-
trations that:
1) can be detected as visible film, sheen or
discolouration on the surface;
2) can be detected by odour;
3) can cause tainting of fish or edible invertebrates;
4) can form deposits on shorelines and bottom sediments
that are detectable by sight or odour, or deleterious
to resident aquatic organisms.
23
 
  
SPECIFIC WATER QUALITY OBJECTIVES RECOMMENDED FOR ADOPTION
Rationale
Reference
OTHER NON—PERSISTENT ORGANIC CONTAMINANTS
(Cont'd)
 
NEW Unspecified Non-Persistent Toxic Substances and Complex
Effluents
Unspecified non—persistent toxic substances and complex 146
effluents of municipal, industrial or other origin should
not be present in concentrations which exceed 0.05 of the
median lethal concentration (96-hour L050) for any
sensitive local species to protect aquatic life.
OTHER SUBSTANCES
REVISED
LE
values of pH should not be outside the range of 6.5 to 149
9.0, nor should discharges change the pH at the boundary
of the designated mixing zone more than 0.5 units from
the ambient.
EXISTING
ﬂ
Values should not be outside the range of 6.7 to 8.5.
REVISED
Tainting Substances
1) Raw public water supply sources should be essentially 152
free from objectionable taste and odour for aesthetic
reasons.
2) Substances entering the waters as a result of human
activity that cause tainting of edible aquatic organisms
should not be present in concentrations which will lower
the acceptability of these organisms as determined
by organoleptic tests.
 
‘EXISITNG
Taste and Odour
Phenols and other objectionable taste and odour
producing substances should be substantially absent.
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SPECIFIC WATER QUALITY OBJECTIVES RECOMMENDED FOR ADOPTION
Rationale
Reference
PHYSICAL CHARACTERISTICS
 
REVISED
Settleable and Suspended Solids and Light Transmission
For the protection of aquatic life, waters shouldbe free
from substances attributable to municipal, industrial or
other discharges resulting from activity that will
settle to form putrescent or otherwise objection—
able sludge deposits or that will alter the value
of the Secchi disk depth by more than 10 percent.
161
EXISTING
Settleable Suspended Materials
Waters should be free from substances attributable to
municipal, industrial or other discharges that will
settle to form putrescent or otherwise objectionable
sludge deposits, or that will adversely affect
aquatic life or waterfowl.
NEW Asbestos
Asbestos should be kept at the lowest practicable
levels and in any event should be controlled to the
extent necessary to prevent harwﬁul erects on health.
167
 
BASIC CONCEPTS
REVISED
Non-degradation
Notwithstanding the adoption of specific water
quality objectives, all reasonable and practicable
measures shall be taken in accordance with paragraph
4 of Article III of the Agreement to maintain the
levels of water quality existing at the date of
entry into force of the Agreement in those areas
of the boundary waters of the Great Lakes System
where such water quality is better than that
prescribed by the specific water quality objectives.
169
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Rationale
Reference
BASIC CONCEPTS (Cont'd)
swims.
lien-dessedﬁgm
No
tw
it
hs
ta
nd
in
g
th
e
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op
ti
on
of
sp
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if
ic
wa
te
r
qu
al
it
y
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je
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iv
es
,
al
l
re
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on
ab
le
an
d
pr
ac
ti
ca
bl
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me
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ur
es
sh
al
l
be
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n
in
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an
ce
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th
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ra
gr
ap
h
4
of
Ar
ti
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e
II
I
of
th
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re
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to
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in
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e
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wa
te
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it
y
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ti
ng
at
th
e
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te
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en
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y
in
to
fo
rc
e
of
th
e
Ag
re
em
en
t
in
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e
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ea
s
of
th
e
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un
da
ry
wa
te
rs
of
th
e
Gr
ea
t
La
ke
s
Sy
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em
wh
er
e
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ch
le
ve
ls
ex
ce
ed
th
e
sp
ec
if
ic
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
.
Egg» Enhancement
In
ar
ea
s
de
si
gn
at
ed
by
th
e
ap
pr
op
ri
at
e
ju
ri
sd
ic
ti
on
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9
as
ha
vi
ng
ou
ts
ta
nd
in
g
na
tu
ra
l
re
so
ur
ce
va
lu
e
an
d
wh
ic
h
ha
ve
wa
te
r
qu
al
it
y
be
tt
er
th
an
pr
es
cr
ib
ed
by
th
e
sp
ec
if
ic
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
,
th
at
wa
te
r
qu
al
it
y
sh
ou
ld
be
ma
in
ta
in
ed
or
en
ha
nc
ed
.
REVISED
Mixing Zones
Th
e
re
sp
on
si
bl
e
re
gu
la
to
ry
ag
en
ci
es
ma
y
de
si
gn
at
e
17
2
re
st
ri
ct
ed
mi
xi
ng
zo
ne
s
in
th
e
vi
ci
ni
ty
of
ou
tf
al
ls
wi
th
in
wh
ic
h
th
e
sp
ec
if
ic
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
sh
al
l
no
t
ap
pl
y.
Mi
xi
ng
zo
ne
s
sh
al
l
no
t
be
co
ns
id
er
ed
a
su
bs
ti
tu
te
fo
r
ad
eq
ua
te
tr
ea
tm
en
t
or
co
nt
ro
l
of discharges at their source.
Th
e
fo
ll
ow
in
g
gu
id
el
in
es
sh
ou
ld
be
us
ed
in
th
e
designation of mixing zones.
1.
A
mi
xi
ng
zo
ne
is
an
ar
ea
,
co
nt
ig
uo
us
to
a
po
in
t
so
ur
ce
,
wh
er
e
ex
ce
pt
io
ns
to
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
an
d
co
nd
it
io
ns
ot
he
rw
is
e
ap
pl
ic
ab
le
to
th
e
re
ce
iv
in
g
wa
te
r—
body may be granted.
2.
Spe
cif
ic
wat
er
qua
lit
y
obj
ect
ive
s
and
con
dit
ion
s
ap
pl
ic
ab
le
to
th
e
re
ce
iv
in
g
wa
te
rb
od
y
sh
ou
ld
be
me
t
at
the boundary of mixing zones.
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SPECIFIC WATER QUALITY OBJECTIVES RECOMMENDED FOR ADOPTION
 
BASIC CON_C_I:3PTS (Cont 'd)
3. Limitations on mixing zones should be established by
the responsible regulatory agency on a case—by-case basis,
where "case" re ers to both local considerations and the
waterbody as a whole, orsegment of the waterbody.
4. Mixing zones, by definition, represent a loss of
value.
5. Many of the general water quality objectives should
apply to discharge—related materials within mixing zones.
The zones should be free of:
(a) objectionable deposits;
(b) unsightly or deleterious amounts of flotsam,
debris, oil, scum and other floating matter;
(0)
sub
sta
nce
s p
rod
uci
ng
obj
ect
ion
abl
e c
olo
ur,
odo
ur,
taste, or turbidity; and
(d)
sub
sta
nce
s a
nd
con
dit
ion
s o
r c
omb
ina
tio
ns
the
reo
f
at
lev
els
whi
ch
pro
duc
e a
qua
tic
lif
e i
n n
uis
anc
e
quantities that interfere with other uses.
6.
No
con
dit
ion
s w
ith
in
the
mix
ing
zon
e s
hou
ld
be
per
mit
ted
whi
ch
are
eit
her
(a)
rap
idl
y l
eth
al
to
imp
ort
ant
aqu
ati
c
lif
e (
con
dit
ion
s w
hic
h r
esu
lt
in
sud
den
fis
h k
ill
s a
nd
mor
tal
ity
Ofr
org
ani
sms
pas
sin
g
thr
oug
h
the
mix
ing
zon
e);
or
(b)
whi
ch
cau
se
ir
re
ve
rs
ib
le
re
sp
on
se
s
wh
ic
h
co
ul
dr
es
ul
t
in
de
tr
im
en
ta
l
po
st
—
exp
osu
re
eff
ect
s;
or
(c)
whi
ch
res
ult
in
bio
con
cen
tra
tio
n o
f
to
xi
c
ma
te
ri
al
s
wh
ic
h
ar
e
ha
ij
ul
to
the
or
ga
ni
sm
or
it
s
consumers.
7.
Con
cen
tra
tio
ns
of
tox
ic
mat
eri
als
at
any
poi
nt
in
the
mix
ing
zon
e
whe
re
imp
ort
ant
spe
cie
s
are
phy
sic
all
y
cap
abl
e
of
re
si
di
ng
sh
ou
ld
no
t
ex
ce
ed
th
e
24
to
96
—h
ou
r
LC
50
.
8.
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en
de
si
gn
in
g
co
nd
it
io
ns
to
pr
ot
ec
t
sp
ec
if
ic
or
ga
ni
sm
s
it
is
ne
ce
ss
ar
y
to
kn
ow
th
at
th
e
or
ga
ni
sm
s
wo
ul
d
no
rm
al
ly
in
ha
bi
t
th
e
ar
ea
wi
th
in
th
e
mi
xi
ng
zo
ne
.
Zo
ne
s
of
'p
as
sa
ge
sh
ou
ld
be
as
su
re
d
ei
th
er
by
lo
ca
ti
on
or
de
si
gn
of
co
nd
it
io
ns
wi
th
in
mi
xi
ng
zo
ne
s.
Mi
xi
ng
zo
ne
s
sh
ou
ld
no
t
fo
rm
a
ba
rr
ie
r
to
mi
gr
at
or
y
ro
ut
es
of
aq
ua
ti
c
sp
ec
ie
s
or
in
te
rf
er
e
wi
th
bi
ol
og
ic
al
co
mm
un
it
ie
s
or
po
pu
la
ti
on
s
of
im
po
rt
an
t
sp
ec
ie
s,
to
a
de
gr
ee
wh
ic
h
is
da
ma
gi
ng
to
th
e
ec
os
ys
te
m,
or
di
mi
ni
sh
ot
he
r
be
ne
fi
ci
al
us
es
di
sp
ro
po
rt
io
na
te
ly
.
  
  
SP
EC
IF
IC
WA
TE
R
QU
AL
IT
Y
OB
JE
CT
IV
ES
RE
CO
MM
EN
DE
D
FO
R
AD
OP
TI
ON
  
BASIC CONCEPTS (Cont'd)
s.
Mi
xi
ng
zo
ne
s
ma
y
ov
er
la
p
un
le
ss
th
e
co
mb
in
ed
ef
fe
ct
s
ex
ce
ed
th
e
co
nd
it
io
ns
se
t
fo
rt
h
in
ot
he
r
gu
id
el
in
es
.
10
.
Mu
ni
ci
pa
l
an
d
ot
he
r
wa
te
r
su
pp
ly
in
ta
ke
s
an
d
re
cr
ea
ti
on
al
ar
ea
s
sh
ou
ld
no
t
be
in
mi
xi
ng
zo
ne
s
as
a
ge
ne
ra
l
co
nd
it
io
n,
bu
t
lo
ca
l
kn
ow
le
dg
e
of
th
e
ef
fl
ue
nt
ch
ar
ac
te
ri
st
ic
s
an
d
th
e
ty
pe
of
di
sc
ha
rg
e
as
so
ci
at
ed
wi
th
th
e
zo
ne
co
ul
d
al
lo
ws
uc
h
a
mi
xt
ur
e
of
us
es
.
1]
.
Ar
ea
s
of
ex
tr
ao
rd
in
ar
y
va
lu
e
ma
y
be
de
si
gn
at
ed
of
f—
limits for mixing zones.
12
.
Th
e
si
ze
,
sh
ap
e
an
d
ex
ac
t
lo
ca
ti
on
of
a
mi
xi
ng
zo
ne
sh
ou
ld
be
sp
ec
if
ie
d
so
th
at
bo
th
th
e
di
sc
ha
rg
er
an
d
th
e
re
gu
la
to
ry
ag
en
cy
kn
ow
th
e
bo
un
ds
.
13
.
Ex
is
ti
ng
bi
ol
og
ic
al
,
ch
em
ic
al
,
ph
ys
ic
al
an
d
hy
dr
o—
lo
gi
ca
l
co
nd
ti
on
s
sh
ou
ld
be
kn
ow
n
wh
en
co
ns
id
er
in
g
lo
ca
ti
on
of
a
ne
w
mi
xi
ng
zo
ne
or
li
mi
ta
ti
on
s
on
an
ex
is
ti
ng
on
e.
EXISTING
Mixing Zones
Th
e
re
sp
on
si
bl
e
re
gu
la
to
ry
ag
en
ci
es
ma
y
de
si
gn
at
er
es
tr
ic
te
d
mi
xi
ng
zo
ne
s
in
th
e
vi
ci
ni
ty
of
ou
tf
al
ls
wi
th
in
wh
ic
h
th
e
sp
ec
if
ic
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
sh
al
l
no
t
ap
pl
y.
Mi
xi
ng
zo
ne
s
sh
al
l
no
t
be
co
ns
id
er
ed
a
su
bs
ti
tu
te
fo
r
ad
eq
ua
te
tr
ea
tm
en
t
or
co
nt
ro
l
of
di
sc
ha
rg
es
at
th
ei
r
so
ur
ce
.
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NEW AND REVISED
SPECIFIC WATER QUALITY OBJECTIVES
UNDER DEVELOPMENT
BY THE
WATER QUALITY BOARD
AND THE
WATER QUALITY OBJECTIVES SUBCOMMITTEE
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The
Wat
er
Qua
lit
y O
bje
cti
ves
Sub
com
mit
tee
has
dev
elo
ped
spe
cif
ic
wat
er
qua
lit
y o
bje
cti
ves
for
the
par
ame
ter
s
lis
ted
bel
ow.
At
thi
s t
ime
the
Wat
er
Qua
lit
y B
oar
d i
s r
evi
ewi
ng
the
se
obj
ect
ive
s i
nte
rna
lly
bef
ore
mak
ing
any
rec
omm
end
ati
ons
wit
h r
esp
ect
to
the
m t
o t
he
com
miS
Sio
n-
CHEMICAL PHYSICAL
CﬁARACTERISTICS CHARACTERlsilgg
Inorganic Organic Temp er at ur e
Copper Cyanide
Iron Guthion
Nickel Parathion
Ammonia
Chlorine
Hydrogen Sulfide
30
  
The
Wat
er
Qua
lit
y
Obj
ect
ive
s
Sub
com
mit
tee
wil
l
con
tin
ue
its
rev
iew
of
th
e
sc
ie
nt
if
ic
li
te
ra
tu
re
fo
r
ne
w
kn
ow
le
dg
e
on
ca
us
e/
ef
fe
ct
re
la
ti
on
-
sh
ip
s
wh
ic
h
ca
n
be
us
ed
to
re
fi
ne
th
e
sp
ec
if
ic
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
an
d
to
de
ve
lo
p
ne
w
wa
te
r
qu
al
it
y
ob
je
ct
iv
es
.
In the immediate future,
the
Su
bc
om
mi
tt
ee
pl
an
s
to
co
ns
id
er
th
e
pa
ra
me
te
rs
li
st
ed
be
lo
w,
bu
t
ma
y
no
t
ne
ce
ss
ar
il
y
wr
it
e
ob
je
ct
iv
es
fo
r
the
m.
Inorganic
Manganese
Phosphorus
(elemental)
Barium
Boron
Sulphate
Aluminum
Silver
Vanadium
Thallium
Super saturation
of dissolved
gases
CHEMICAL
CHARACTERISTICS
Organic
Mirex
Nitrilotriacetic
Acid
Organophosphates
Carbamates
Phenols
Rotenone
Organo—tin compounds
PHYSICAL
CHARACTERISTICS
Asbestos
Detergents — Surfactants
— Builders
Polynuclear Aromatic
Hydrocarbons
3-
tr
if
lu
or
om
et
hy
l
—
4
ni
tr
op
he
no
l
Pu
lp
mi
ll
ef
fl
ue
nt
co
mp
on
en
ts
Nutrients — Nitrate
— Silicate
— Phosphate
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BIOLOGICAL
CHARACTERISTICS
Micro—organisms
Toxicity units
Biological effects
of intakes
Chlorophyll—a
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RATIONALE AND SCIENTIFIC BASIS
FOR
PROPOSED NEW AND REVISED
SPECIFIC WATER QUALITY OBJECTIVES
33 I
   
A. CHEMICAL CHARACTERISTICS
(i) PERSISTENT TOXIC SUBSTANCES
(a) ORGANIC
(i) PESTICIDES
ALDRIN/DIELDRIN
RECOMMENDATION
It is recommended that the following numerical objective for aldrin/
dieldrin
be
adopted
to
replace,
in part,
the
existing
objective
for
persistent
organic
contaminants
in Annex
1,
paragraph
2
(c)
of
the
Agreement.
The sum of the concentrations of aldrin and dieldrin in water
should
not
exceed
the
recommended
quantification
limit
of
0.00]
ug/l.
The
sum
of
the
concentrations
of
aldrin
and
dieldrin
in
the
edible
portion
of'fish
should
not
exceed
0.3
ug/g
for
the
protection
of
human
consumers
of
fish.
RATIONALE
Aldrin is readily metabolized
to the epoxy form,
dieldrin by both
aquatic
(Gakstatter,
1968;
Khan 35
31.,
1972)
and
nonaquatic
organisms
(Gianotti e£_§1.,
1956;
Bann gt 31.,
1956).
It has
also been
shown
that
the
toxicity
to
aquatic
organisms
of
both
aldrin
and
dieldrin
are
similar
(Jensen
and
Gaufin,
1966;
Henderson
g£_al,,
1959)
are
consequently,
the
recommendation has
been
expressed
in terms
of
the
total
concentrations
of
dieldrin
and
aldrin.
The proposed United States drinking water standard
(EPA, 1974)
was
recommended
to be
0.00014
ug/l
total aldrin
plus
dieldrin
based
upon
carcinogenicity
studies.
This
standard
is
lower
than any water
levels
which
can be
obtained
from
acute
or chronic
effect
levels
for
fresh
water
aquatic
organisms
but
its
status
is
uncertain
at
present.
The
lowest
effect
levels which
have
been
observed
for
freshwater
species
pertain
to
the
stonefly
and
to
the
sailfin molly.
The
stonefly
naiad
was
observed
to
have
a
20-30
day
LC50
of
0.2
ug/l
(Jensen
and
Gaufin
1966)
but
there
is no
available
experimental
application
factor
to
obtain
"safe"
concentrations
for
this
sensitive
species.
The
sailfin
molly
exhibited
chronic
effects
—
inhibition
of
growth
and
reproduction
(Lane
and
Livingstone,
1970)
—
at
0.75
ug/l
and
use
of
the
arbitrary
safety
factor
of
0.2
results
in
a
concentration
of
0.25
ug/l.
This
level,
however,
is
inadequate
for
the
protection
of
the
stonefly
and
possibly
other
species.
Aldrin
and
dieldrin
have
recently
been
shown
to
be
carcinogenic
(Walker
§£_§1.,
1970)
and,
hence,
the
recommended
concentration
is
the
present
recommended
quantification
limit
as
based
on
the
lowest
three
reported
values
in
the
laboratory
survey.
34
 There are several reports on dietary dosing of aldrin and dieldrin
which have led to low level sub—acute responsesfor different organisms.
Rats and dogs (Lehman, 1965) showed no ill effects over 90 days — 2 years
at dietary levels of 0.5 Ug/g and the Hungarian partridge (Neill, 1969)
had adverse effects on reproduction when the dosage in their diet was
1 ug/g. In the aquatic field, 0.36 ug/g in the diet of the rainbow
trout affected the biochemical processes of the fish (Mehrle and Bloom-
field, 1974). Since the allowable edible fish tissue concentration under
the United States Food and Drug Administration guidelines is 0.3 ug/g, this
is recommended.
LITERATURE CITED
Bann, J.M.; T.J. DeCino, N.W. Earle, and Y.P. Sun. 1956. Fate
of aldrin and dieldrin in the animal body. J. Agr. Food
Chem. 4, 937.
Environmental Protection Agency. 1974 - Proposed Drinking Water
Standards and Guidelines.
Gakstatter, J.H. 1968. Rates of accumulation of 14C - dieldrin
residues in tissues of goldfish exposed to a single sub—lethal
dose of 14C — aldrin. Jour. Fish Research Board of Canada. 25,
1797.
Gianotti, 0., R.L. Metcalf, and R.B. March. 1956. The mode of action
of aldrin and dieldrin in periplaneta Americans. Ann. Entom. Soc.
Am 4
9,
588.
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Neill, D.D., J.V. Schutze, and H.D. Mueller, 1971. Pesticide
effects on the fecundity of the gray partridge. Bull. Envir.
Contam. Toxc. 6,546.
Walker, A.I.T., E. Thorpe, and D.E. Stevenson, 1970. The toxicity
of dieldrin (HEOD). Long term oral toxicity experiments in mice.
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 CHLORDANE
RECOMMENDATION
It is recommended that the following numerical objective for chlordane
be adopted to replace, in part, the existing objective for persistent
organic contaminants in Annex 1, paragraph 2(c) of the Agreement:
The concentration of chlordane in water should not exceed
0.06 ug/Z for the protection of aquatic life.
RATIONALE
Cardwe11_e£_a1., (1974) conducted long-term flow-through studies
on the effects of chlordane including studies on the effect on reproduction
of fathead minnows, bluegills and brook trout. "Safe" concentrations
ranged from 0.8 to less than 0.3 ug/l, and corresponding 96-hr LC50 values
ranged from 59 to 37 ug/l. The smallest application factor between acute
and "safe" concentrations was less than 0.008 for brook trout. If this
factor is applied to the lowest available 96~hr LC50 of 7.8 ug/l (Anon.,
1965) for rainbow trout, then a derived "safe" concentration would be
0.06 ug/l.
The "safe" level for the midge Chironomus was found to be 0.7 ug/l
by Cardwell et a1,, (1974). No acute toxicity determination could be made
for this species. The "safe" chlordane concentrations for Daphnia magna
and Hyalella azteca were about 12 and 5 ug/l, respectively.
Reported acute toxicity concentrations of chlordane for invertebrates
in general range from less than 1 to more than 1000 pg/l (Cardwell gt al.,
1974; Konar, 1968, Sanders, 1969; 1972; Sanders and Cope, 1966 and 1968).
It is likely that "safe" protection to aquatic invertebrates as well.
Therefore it is recommended that the concentration in water should not exceed
0.06 ug/l.
LITERATURE CITED
Anonymous, 1965. U.S. Fish and Wildlife Service Circular 226.
Cardwell, R.D., D.G. Foreman, T.R. Payne, and D.J. Wilbur, 1974.
Acute and chronic toxicity of chlordane to fish and invertebrates.
EPA Ecological Research Series. In preparation.
Konar, S.K. 1968. Experimental use of chlordane in fishery
management. Progressive Fish—Cult. 30(2): 96—99.
Sanders, H.O. 1969. Toxicity of pesticides to the crustacean,
Gammarus lacustris. (Bur. Sport Fish. and Wildlife Technical
Paper 25.)
Sanders, H.O. and O.B. Cope. 1966. Toxicities of several pesticides
to two species of cladocerans. Trans. Amer. Fish. Soc. 95(2):
165-169.
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 Sanders, H.O. and O.B. Cope.
1958.
The relative toxicities of
several pesticides
to naiads of three species of stoneflies.
Limnol. & Oceanog. 13(1): 112—117.
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 DDT AND METABOLITES
RECOMMENDATION
It is recommended that the following numerical objective for DDT
and metabolites be adopted to replace, in part, the existing objective for
persistent organic contaminants in Annex 1, paragraph 2(c) of the
Agreement:
The sum of the concentrations of DDT and its metabolites in water
should not exceed the recommended quantification limit of 0.003 ug/l.
The sum of the concentrations of DDT and its metabolites in whole
fish (wet weight basis) should not exceed 1.0 ug/g for the protection
of fish consuming aquatic birds.
RATIONALE
Egg shell thinning has been reported in the American Kestrel after
chronic experimental feeding with 2.8 ug/g DDE (Wiemeyer and Porter, 1970);
Mallard (2.8 pg/g DDE, converted from dry basis) (Health et_al., 1969;
black duck (3.3 ug/g DDE, converted from dry basis) (Longcore at al.,
1971); and other species (Stickel, 1973). It is assumed that similar
levels of intake will produce some detrimental effect of reproduction
in some species of birds under natural conditions. The lowest experimentally
determined level at which egg shell thinning was found was 2.8 ug/g DDE.
The effect was considered a subtle effect. As a subtle effect, an
arbitrary 0.2 safety factor was applied to estimate the "safe" level. This
would produce an estimated "safe" body burden in fish which are consumed
by aquatic birds, of 0.56 ug/g DDE. This metabolite has been found
to constitute 50—90% of the residue of DDT (Klaassen and Kadoum, 1973;
Frank at 31., 1974; Reinert and Bergman, 1974). Therefore the permissible
body
burd
en i
n fi
sh w
as s
et a
t l
Ug/g
tota
l DD
T to
prot
ect
aqua
tic
bird
s.
The
FDA
and
FDD
admi
nist
rati
ve a
ctio
n gu
idel
ines
for
DDT
in e
dibl
e
port
ions
of f
ish
are
set
at 5
ug/g
.
This
may
be a
dequ
ate
for
huma
n
consumption, but in the light of the above information, it will not protect
aquatic birds.
The
con
cen
tra
tio
n o
f D
DT
in
wat
er
whi
ch
is
lik
ely
to
pro
duc
e u
nac
cep
t—
abl
e b
ody
bur
den
s i
n f
ish
can
not
be
est
ima
ted
acc
ura
tel
y,
bec
aus
e c
onc
en—
trat
ion
fact
ors
for
DDT
appe
ar t
o di
ffer
amon
g th
e va
riou
s Gr
eat
Lake
s, p
ossi
bly
due
to
oth
er
wat
er
qua
lit
y p
ara
met
ers
.
wat
er
con
cen
tra
tio
ns
whi
ch
are
"sa
fe"
for
fish
appe
ar
to b
e hi
gher
than
thos
e wh
ich
prod
uce
unac
cept
able
body
bur
den
s.
How
eve
r,
"sa
fe"
wat
er
con
cen
tra
tio
ns
for
fis
h h
ave
not
bee
n
est
abl
ish
ed
by
chr
oni
c e
xpe
rim
ent
s m
eas
uri
ng
sub
tle
eff
ect
s o
n f
ish.
The
ref
ore
,
no
"sa
fe"
wat
er
con
cen
tra
tio
n o
f D
DT
can
be
est
abl
ish
ed
and,
con
seq
uen
tly
,
the
con
cen
tra
tio
n o
f D
DT
in
wat
er
sho
uld
not
exc
eed
the
rec
omm
end
ed
qua
nti
fic
ati
on
lim
it
of
0.0
03
pg/
l,
bas
ed
on
the
low
er
thr
ee
rep
ort
ed
values from laboratory survey.
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ENDRIN
RECOMMENDATION
It
is
rec
omm
end
ed
tha
t t
he
fol
low
ing
num
eri
cal
obj
ect
ive
for
end
rin
be
ado
pte
d t
o r
epl
ace
,
in
par
t,
the
exi
sti
ng
obj
ect
ive
for
Per
sis
ten
t
Org
ani
c C
ont
ami
nan
ts
in
Ann
ex
1,
par
agr
aph
2(c
) o
f t
he
Agr
eem
ent
:
The
con
cen
tra
tio
n o
f e
ndr
in
in
wat
er
sho
uld
not
exc
eed
the
rec
omm
end
ed
qua
nti
fic
ati
on
lim
it
of
0.0
02
ug/
l.
The
con
cen
—
tra
tio
n o
f e
ndr
in
in
the
edi
ble
por
tio
n o
f f
ish
sho
uld
not
exc
eed
0.3
ug/
g f
or
the
pro
tec
tio
n o
f h
uma
n c
onS
ume
rs
of
fis
h.
RATIONALE
Whi
le
the
re
are
con
sid
era
ble
dat
a a
vai
lab
le
on
the
acu
te
tox
ici
ty
(96
—ho
ur
LC5
0)
of
end
rin
tow
ard
s f
ish
at
app
rox
ima
tel
y 0
.5
ug/
l
(Mo
unt
,
196
2;
Hen
der
son
,
195
9;
Kat
z,
196
1),
the
re
are
no
exp
eri
men
tal
dat
a
ava
ila
ble
whi
ch
wou
ld
per
mit
the
tra
nsl
ati
on
of
the
se
con
cen
tra
tio
ns
to
saf
e
lev
els
for
aqu
ati
c
org
ani
sms
.
The
re
is
a
rep
ort
ed
30—
day
LC5
0
for
the
sto
nef
ly
nai
ad
of
0.0
35
Ug/
l
(Je
nse
n a
nd
Gau
fin
,
196
6),
so
"sa
fe"
lev
els
to
pro
tec
t
all
aqu
ati
c
org
ani
sms
mus
t
lie
bel
ow
thi
s
val
ue.
In
add
iti
on
to
the
abs
enc
e
of
app
rop
ria
te
chr
oni
c
tox
ici
ty
dat
a,
the
gui
del
ine
s
for
raw
wat
er
do
not
pro
vid
e p
rot
ect
ion
for
all
aqu
ati
c o
rga
nis
ms.
Co
ns
eq
ue
nt
ly
,
it
is
re
co
mm
en
de
d
th
at
th
e
co
nc
en
tr
at
io
n
of
en
dr
in
in
wa
te
r
sho
uld
not
exc
eed
the
rec
omm
end
ed
qua
nti
fic
ati
on
lim
it
as
der
ive
d
fro
m
the
su
rv
ey
of
la
bo
ra
to
ri
es
an
d
me
nt
io
ne
d
in
th
e
ge
ne
ra
l
se
ct
io
n
on
pe
rs
is
te
nt
or
ga
ni
c
co
nt
am
in
an
ts
.
Be
ca
us
e
it
is
fe
lt
th
at
lo
w
le
ve
ls
sh
ou
ld
be
so
ug
ht
in
si
tu
at
io
ns
wh
er
e
da
ta
ar
e
in
ad
eq
ua
te
to
su
pp
or
t
a
hi
gh
er
le
ve
l,
th
e
qu
an
ti
fi
ca
ti
on
li
mi
t
is
set
at
th
e
me
an
of
th
e
lo
we
r
th
re
e
of
th
os
e
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 Katz, M., 1961. Acute toxicity of some organic insecticides to three
species of salmonids and to three spine stickloback. Trans. Amer.
Fish Soc. 90: 264.
Mount, D.I., 1962. Chronic effects of endrin on blunt nose minnows
and guppies. U.S. Fish Wildlife Serv. Dept. 58.
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HEPTACHLOR
RECOMMENDATIONS
It is recommended that the following numerical objective for Heptachlor
be adopted to replace, in part the existing objective for Persistent Organic
Contaminants in Annex 1, paragraph 2(c) of the Agreement:
The sum of the concentrations of heptachlor and heptachlor epoxide
in water should not exceed the recommended quantification limit of
0.001 ug/Z. The sum of the concentrations of heptachlor and
heptachlor epoxide in edible portions of fish should not exceed
0.3 ug/g for the protection of human consumers of fish.
RATIONALE
Epoxidation of heptachlor yields heptachlor epoxide, and this
reaction is facile in the aquatic environment (Stickel §£_31, 1965;
Hannon g3 31., 1970; Wisman st 31., 1967; Barthel §£_a1., 1960; Perry
et a1,, 1958). The epoxidized form of heptachlor is at least as toxic
as the parent compound, (U.S. — H.E. & W., 1972; Rudd and Genelly,
1956) and as a consequence, heptachlor concentrations are expressed as the
sum of heptachlor plus heptachlor epoxide.
One of the basis of available evidence, no experimentally determinable
"safe" levels can be set for water. The lowest available LC50 of 1.1 ug/l
for stoneflies (Sanders and Cope, 1968) cannot be translated into safe
levels. The proposed U.S. Drinking water Standard of 0.1 ug/l may not give
a sufficient margin of safety and hence a quantification limit ascertained
from the survey of laboratories is recommended. The mean of the lower three
reported values in the survey wasemployed in setting the recommended level
of 0.001 ug/l total for water.
For tissues, the minimal or no-effect dietary level for rats and dogs
is reported at 0.5 ug/g (Lehman, 1965). The United States Food and Drug
Administration guideline for this pesticide as a residue in edible fish tissue
is given as 0.3 ug/g and in the absence of aquatic dosing experiments, the
latter is the level recommended for edible portions of fish in the Great Lakes.
LITERATURE CITED
Barthel, W.F. R.T. Murphy, W.G. Mitchell, and C. Corley, 1960.
Fate of Heptachlor in the soil following granular application
to the surface. J. Agr. Food. Chem. 8: 445.
Hannon, M.R. Y. Greichus, R.L. Applegate, and A.C. Fox, 1970.
Ecological distribution of pesticides in Lake Poinsett, South
Dakota. Trans. Am. Fish Soc. 99: 496.
Perry, A.S., A.M. Mattson, and A.J. Bruckner, 1958. Metabolism
of heptachlor by resistent and susceptible houseflies. J. Econ.
Entomol. 51: 346.
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 Rudd, R.L., and R.E. Genelly. 1956. Pesticides: Their use and
toxicity in relation to wildlife.
Stickel, W.J., D.W. Hayne, and L.F. Stickel. 1965. Effects of
heptachlor—contaminated earthworks on woodcock. J. Wildl. Manag.
29: 132.
United States Dept. of Health, Education and Welfare. 1972. Toxic
Substances list.
Wisman, E.L., R.W. Young, and W.L. Beane. 1967. Persistence of
heptachlor in egg yolks. Poult. Sci. 46: 1606.
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LINDANE
RECOMMENDATION
It is recommended that the following numerical objective for lindane
be adopted to replace, in part, the existing objective for persistent
organic contaminants in Annex 1, paragraph 2(c) of the Agreement:
The concentration of Zindane in water should not exceed 0.0] ug/Z
for the protection of aquatic life. The concentration of Zindane in
edible portions of fish should not exceed 0.3 ug/g for the protection
of human consumers of fish.
RATIONALE
Macek gt 31., (1975) experimentally determined "safe" water concen—
trations for bluegills, brook trout, and fathead minnows to range from 8.8
to 9.1 Ug/l. The LCso concentrations for the latter three species range
from 20 to 54 ug/l which when divided by therespective "safe" concentrations,
result in application factors of 0.17 to 0.34 for fish. The brown trout
is apparently the fish most sensitive to lindane on an acute basis among
those species used in aquatic bioassays. The 96—hour LCso for brown trout
is 2.0 ug/l (Macek and McAllister, 1970). Utilizing the lowest experimentally
determined application factor for lindane in fish (0.17), a "safe" concen—
tration of 0.34 ug/l would be predicted for brown trout.
Macek §t_al,, (1975) determined the acute and chronic toxicities of
lindane to the midge (Chironomus tentans, Daphnia magna, and the scud
Gammarus faciatus. The midge was the most sensitive of these species
chronically, with 2.2 Ug/l being the highest concentration producing no
observable adverse effect. Daphnia were least sensitive as 11 Ug/l was
determined to be "safe" over three consecutive generations of exposure.
The midge and Daphnia were significantly different from fish in one
respect, however, the application factors for these invertebrates were
much less than for fish, namely, 0.01 and 0.02 based on 48-hour. LC50
values of 207 and 485 pg/l, respectively.
 
Two investigators (Snow, 1958; Cope, 1965) have reported 96-hour LC50
values of l ug/l for stoneflies. Sanders and Cope (1968) reported an
acute LC50 for stoneflies of 4.5 pg/l lindane. If the experimentally
determine application factor for invertebrates for lindane of 0.01 is applied
to the lowest reported 96—hour LC50 of the most sensitive species, the
stonefly, then a predicted "safe" concentration of lindane in water for
that species would be 0.01 ug/l. This therefore, is the recommended level
for water.
Little information is available on accumulation of lindane in fish
tissues. However, Macek_§t_al., (1975) observed whole—body (eviscerated)
concentrations (wet weight) that were about 500 times the corresponding
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 water concentrations in fathead minnows that had been exposed for several
months. Butler (1967) observed accumulations of up to 250 times exposure
concentrations in marine mollusks. Such factors, at present, are not
consistent enough to be useful in deriving tissue levels and therefore the
recommended criterion is based on the 0.3 ug/g administrative guideline
of the United States Food and Drug Administration for lindane in edible
portions of fish.
LITERATURE CITED
Butler, P.A. 1967. Pesticide residues in estuarine mollusks. In:
P.F. McCarty and R. Kennedy, Proceedings of the national symposium
on estuarine pollution. Stanford, California, Stanford University
Department of Civil Eng. pp. 107~121.
Cope, 0.3. 1965. Sport fishery investigation. In: Effects of
pesticides on fish and wildlife, 1964 research findings of the
Fish and Wildlife Service. U.S. Fish and Wildl. Serv. Circ.
226. pp. 51—63.
Macek, K.J. K.S. Burton, S.K. Derr, J.W. Dean, and S. Sauter, 1975.
‘Chronic toxicity of lindane to selected aquatic invertebrates
and fishes. Environmental Protection Agency Research Contract
Report, Environmental Protection Agency, Ecol. Res. Series,
in preparation.
 
Macek, K.J. and W.A. McAllister. 1970. Insecticide susceptibility ‘
of some common fish family representatives. Trans. Amer. Fish
Soc. 99(1): 20-27.
, Sanders, H.O. and O.B° Cope. 1968. The relative toxicities of
several pesticides to naiads of three species of stoneflies.
Limnol. and Oceanog. 13(1): 112—117.
Snow, J.R. 1958. A preliminary report on the comparative testing of
some of the newer herbicides. Proc. 11th Ann. Conf. Southeast
Assoc. Game Fish. Comm. pp. 125-132.
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METHOXYCHLOR
RECOMMENDAIYON
It
is
recommended
that
the
following
numerical
objective
for
Methoxychlor
be
adopted
to
replace,
in
part,
the
existing
objective
for
persistent
organic
contaminants
in
Annex
1,
paragraph
2(c)
of
the
Agreement:
The
concentration
of
methoxychZor
in
water
should
not
exceed
0.04
ug/Z
for
the
protection
of
aquatic
life.
RATIONALE
Chronic
exposures
of
fathead
minnows
to
methoxychlor
demonstrated
no
effects
on
weight
gain
below
0.5
Ug/l
during
4
months
of
exposure,
and
no
effects
on
mortality
below
0.25
Ug/l.
The
number
of
eggs
laid
by
fat—
head
minnows
was
unaffected
by
a
4—month
exposure
to
0.125
ug/l,
but
the
hatchability
of
the
eggs
was
reduced
from
69%
in
controls
to
39%
(Merna
and
Eisele,
1973).
Yellow
perch
seem
to
be
less
sensitive
than
fathead
minnows.
Merna
and
Eisele
(1973)
also
did
chronic
exposures
of
several
inverte—
brates
for
28
days
and
monitored
survival,
pupation,and/or
emergence.
Emergence
for
Stenonema
was
unaffected
at
0.25
Ug/l.
Pupation
of
Cheumatopsyche
was
unaffected
at
0.125
Ug/l,
but
the
growth
rate
of
this
species
was
affected
by
the
exposure.
Eisele
(1974)
dosed
a
small
stream
with
a
0.2
ug/l
methoxychlor
continuously
for
one
year.
No
insect
or
fish
mortalities
were
observed.
No
invertebrate
species
were
eliminated,
but
populations
of
baetids,
stoneflies,
and
scuds
were
reduced.
Hydropsychids,
blackflies,
crayfish
and
dragonflies
showed
only
temporary
changes
before
returning
to
control
levels
when
exposed
to
continued
dosing.
While
some
species
increased,
there
was
no
change
in
the
diversity
or
density
of
invertebrates.
There
was
however,
a
slight
reduction
in
biomass.
Most
effects
were
sufficiently
subtle
so
that
routine
ecological
surveys
would
not
have
uncovered
them.
Crayfish
body
burdens
rose
to
approximately
100
ug/g
methoxychlor,
incidating
a
concentration
factor of 500.
In
evaluating
the
above
data,
most
weight
was
placedon
studies
which
explored
chronic
effects
under
field
conditions.
The
0.2
mg/l
exposure
which
produced
subtle
effects
on
some
invertebrate
populations.
Application
of
the
arbitrary
0.2
safety
factor
to
these
subtle
effects
was
used
to
estimate
the
"safe"
concentration
of
0.004
ug/l
recommended.
Methoxychlor
may
not
conform
to
the
definition
of
a
persistent
compound.
It
degrades
readily
and
the
structure
of
its.probable
metabolites
would
not
indicate
that
they
are
likely
to
be
persistent
either.
However,
the
actual
rate
of
degradation
is
not
indicated
in
the
literature
and
it
has been
considered
under
the
category of
persistent
contaminants
due
to
its
organochlorine
pesticide
nature.
If
it were
classified
as
non-
persistent,
consideration
would
be
given
to
the
lowest
reported
96—hr
LC50
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TOXAPHENE
RECOMMENDATION
It is recommended that the following numericalobjective for toxaphene
be adopted to replace, in part, the existing objective for persistent
organic contaminants in Annex 1, paragraph 2(c) of the Agreement:
The concentration of toxaphene in water should not exceed
0.008 Ug/Z for the protection of aquatic Zife.
RATIONALE
Mayer §£_a1, (1975) report decreased reproduction of brook trout when
exposed to concentrations of 0.068 ug/l of toxaphene in water. Body
burdens associated with this exposure were 0.6 ug/g. In a chronic bio-
assay with brook trout, Mayer_et.a1. (1975) found that toxaphene in water,
at a level of 0.039 ug/l, affected the growth and development of brook
trout fry over an exposure period of 90 days. With the application of the
safety factor of 0.2, a "safe" concentration of toxaphene is calculated to
be 0.008 ug/l.
Acute toxicity of toxaphene to fish has been reported as 4.3 ug/l
for bullheads (Mahdi, 1966). Lawrence (1950) reported the acute toxicity
to bluegills as 3.5 ug/l in soft water. Acute toxicities have also been
reported for several species of fish be Macek (1970), ranging from 2 ug/l
for largemouth bass to 13 pg/l for black bullhead, and by Nagvi and Ferguson
(1970) for freshwater shrimp as 24—hr LCSO, ranging from 41 to 283 Ug/l in
four different lakes.
Schoettger and Olive (1961) reported mortality of kokanee salmon when
fed Daphnia which were exposed to sub—lethal concentrations of 10 and 20 ug/l
of toxaphene over periods of 120 to 312 hours. Hughes (1968) reported that toxaphene
treated lakes (40 to 150 ug/l) remained toxic to fish for periods of a
few months to five years after treatment. The persistence of toxaphene,
and its highly lipophilic character would suggest the potential for
bioconcentration and transfer through the food chain to higher trophic levels.
Bioconcentration factors of 5,000 to 21,000 for brook trout (Mayer g£_al.,
1975), and 1,000 to 2,000 for aquatic invertebrates (Terriere gt_§l.,
1966) were observed. Bioconcentration of toxaphene in fathead minnows were
observed to be in the range of 77,000 to 108,000 (Mayer g£_a1., 1975).
However, these factors have not been related to deleterious body burdens,
and, therefore, no recommendation for tissue concentrations of toxaphene can
be set at this time.
LITERATURE CITED
Hughes, R.A. 1969. Persistence of toxaphene in natural waters.
M.S. Thesis, University of Wisconsin.
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 ii) OTHER COMPOUNDS
PHTHALIC ACID ESTERS
 
RECOMMENDATION
It is recommended that the following numerical objective for
phthalic acid esters be adopted to replace, in part, the existing
objective for persistent organic contaminants in Annex 1, paragraph 2(c)
of the Agreement:
The concentrations of dibutyl phthalate and di-(Z—ethylhexyl)
phthalate in water should not exceed 4.0 ug/l and 0.6 ug/l,
respectively, for the protection of aquatic life.
Other
phthalic acid esters should not exceed the recommended quanti-
fication
limit of 0.2 ug/l in waters for the protection of
aquatic life.
RATIONALE
It is recognized that the phthalic acid esters (PAE's) are probably
non—persistent in water and aerobic sediments.
However, there is some
evidence that some PAE's may persist in anaerobic sediments, and for that
reason they are provisionally included with the persistent organic chemicals.
Since they are distinct compounds, not necessarily occuring together, a list
of some of the more common ones are indicated.
Phthalic Acid Esters
 
Di—(Z-ethylhexyl) phthalate (DEEP)
Di—iso—cotyplthalate (DIOP)
Di—octylphthalate (DOP)
Di—butylphthalate (DBP)
Di—ethylphthalate (DEP)
Di-methylphthalate (DMP)
The occurrence of PAE residues in North American environments was
reviewed at a conference on PAE's sponsored by the National Institute of
Environmental Health Sciences (1972), by Mathur (1974) and by Mayer
gt a1 (1972). Within aquatic ecosystems, PAE residues have been detected
in fish, water and sediments, and sources are most likely municipal and
industrial effluents (Mayer, at al,, 1972; Stalling g£_§1., 1973; Bites,
1973; Lake Michigan Toxic Substances Committee, 1974). Monitoring surveys
by several Great Lakes states showed that effluents of industrial and
municipal waste treatment facilities contained PAE's in concentrations ranging
from less than 1 to 1,200 ug/l and tributaries to Lake Michigan contained
1 Ug/l or less. The fate of PAE's discharged into these tributaries is not
well defined, but analyses of settleable solids showed residues ranging from
1 to 75 ug/g (dry wt). These results suggest that PAE's may be adsorbed
to particulate materials in streams and ultimately deposited in bottom
sediments.
51
 Whether PAE's such as DEHP and DBP are biologically degraded in waste
treatment plants or sediments of natural ecosystems has not been fully
investigated. Graham (1973) reported that laboratory—scale, activated
sludge processes degraded 91% of DEHP within 38 hours. However, analyses
of sewage sludge from 54 municipal sewage treatment plants showed DEHP
residues of 17 to 884 ug/g (dry wt.) (Lake Michigan Toxic Substances
Committee, 1974). Thus, either activated sludge processes are not efficient in
degrading PAE's, or raw sewage contains very large amounts of PAE's.
Laboratory incubation of DEHP and DBP with pond hydrosoils suggests that
natural micro—organisms do, in time, hydrolyze the ester linkage and
decarboxylate the phthalic acid moiety (Johnson, 1974). In aerobiosis
studies, 98% of DBP was degraded after 5 days at 20°C, but only 50% of DEHP
was degraded at 14 days. Under anaerobiosis, degradation of both PAE's
was significantly retarded. Thus, although there is laboratory evidence
for some biological degradation of PAE's, little is known of the dynamics
of PAE residues in natural sediments. These dynamics could be affected
by continuous or intermittent input of PAE's, oxidation—reduction
state of the sediment, temperature, type of sediment, and probably other
factors. In any case, limited monitoring data (Lake Michigan Toxic
Substances Committee, 1974) suggest that PAE's may occur in bottom sediments
and, therefore, important bottom—dwelling macro- and micro-fauna could be
exposed to significant PAE residues.
DBP residues in fish from several areas of North America range from
less than detectable concentrations of 0.5 ug/g, and DEHP residues have
been found as high as 3.2 pg/g (Mayer, g£_al_1972; Stalling e£_al, 1973).
PAE residues in Great Lakes area fish range from undetected to 1.3 ug/g
(Lake Michigan Toxic Substances Committee, 1974). However, one third to
one half again as much residue may also be present in fish in the form of
the monoester or conjugates of the monoester and phthalic acid (Mayer
gt_al., 1972; Mayer and Sanders, 1973). Mayer and Sanders (1973) exposed
fathead minnows (Pimephales promelas) to 1.9 pg/l of DEHP for 56 days and
found that residues reached an equilibrium concentration of 2.6 ug/g within
28 days. This gave an accumulation factor of nearly 1,400, which agrees
well with data for DEHP in bluegills (Lepomis macrochirus) exposed to
0.1 pg/l (Johnson, 1974). However, Mayer and Rogers (1972) found that
accumulation factor for DEHP in fathead minnows was reduced to 160 when
the fish were exposed to a higher concentration of 60 ug/l.
  
Accumulation factors for DEHP and DBP in aquatic crustacea and insects
are generally between 350 and 3,900 following exposures ranging from 0.08 to
0.03 ug/l (Mayer and Sanders, 1973). When fish and invertebrates containing
PAE residues are placed in untreated water, they eliminate 50% of the
residue within 3 to 7 days. Residues in fish and invertebrates have not
as yet been correlated with untoward biological effects.
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 Toxicity
The acute 96-hour LC50 values for DBP with fathead minnows, channel
catfish (Ictalurus punctatus), rainbow trout (23122 gairdneri), scud
(Gamarus pseudolimnaeus) and crayfish (greenectgs nais) fall between 730 and
10,000 ug/l (Mayer and Sanders, 1973). Although the toxicity of DEHP is
more difficult to determine in static tests because it is less soluble
in water, 96-hour LC50 values are estimated to be above 10,000 ug/l. Flow-
through tests were used for scud (§;_fasciatus) and gave a 9-week L050 value
of 210 ug/l (McKim, 1974). The acute toxicities of both DBP and DEHP are
considerably below those of most organochlorine insecticides which are
usually toxic between 0.1 and 50 ug/l.
 
The chronic toxicities of DEHP and DBP have not been as well defined
as desired. However, the chronic studies so far completed suggest that
both DEHP and DBP are biologically active at concentrations well below
acutely toxic concentrations. McKin (1974) reported that growth of brook trout
(Salvelinus fontinalis) was reduced significantly at a DBP concentration
of 300 ug/l, but not at 90 ug/l. However, aquatic invertebrates appear to
be m
ore
Sens
itiv
e t
han
fish
.
Repr
oduc
tion
in d
aphn
ids
(Dap
hnia
magn
a)
is
impa
ired
by D
BP a
nd D
EHP
conc
entr
atio
ns o
f 20
and
3 to
5 ug
/l,
resp
ecti
vely
(Mayersgand Sanders, 1973; McKim, 1974). The emergence of adult midges,
(Chi
rono
mus
tent
ans)
is r
educ
ed s
igni
fica
ntly
at a
DEHP
conc
entr
atio
n of
14 ug/l (Mayer and Rodgers, 1972).
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POLYCHLORINATED BIPHENYLS
 
RECOMMENDATION
It
is
recommended
that
the
following
new
objective
for
polychlorinated
biphenyls be adopted:
The
concentration
of
total
polyehlorinated
biphenyls
in
fish
tissues
(whole
fish,
calculated
on
a
wet
weightbasis),
should
not
exceed
0.]
micrograms
per
gram
for
the
protection
of
fish
consuming
birds
and
animals.
Note:
The
Subcommittee
expresses
concern
that
a
water
concentration
objective
for
this
ubiquitous
contaminant
is
unavailable.
Based
upon
poorly
defined
bioconcentration
factors
it
may
be
concluded
that
PCBs
in
water
should
not
exceed
0.001
micrograms
per
litre.
However,
this
level
may
not
be
adequate
to
provide
protection
to
certain
predators,
and
could
presently
not
be
enforced
because
of
insufficiently
sensitive
quantification limits.
RATIONALE
In North
America
polychlorinated
biphenyls
(PCBs)
are manufactured
solely by thﬁ Monsanto Chemical Company and are distributed under
the trade
name AROCLOR .
Each Aroclor is a mixture of various
isomers of which
210 may occur
in theory,
the actual number of isomers formed chemically is
probably closer to 100.
In addition, a significant percentage of these
isomers has been predicted to exist in pairs of optically active forms
(Kaiser, 1974).
Polychlorinated biphenyls are now known to constitute the third most
widely distributed pollutants on Earth, exceeded only by the chlorinated
insecticides DDT and dieldrin.
Similar to the latter compounds, PCB residues
are found in the fat deposits of numerous warm and cold—blooded animals
including man. Their persistence is generally considered to be greater
than most chlorinated insecticides. In the aquatic environment, PCBs have
been detected in water, sediments, invertebrates, fish and waterfowl with
highest levels being recorded in predatory organisms high in the food chain.
While greater quantities are found in areas close to heavy industrialization,
substantial residues have been detected in fish from undeveloped localities
suggesting that aerial transport may play a significant role in their
distribution.
PCBs In Great Lakes Waters
Contamination of the Great Lakes by PCBshas been, and continues to be,
extensive. Fifty—seven percent of water samples from 30 major tributaries
analyzed by Michigan Water Resources Commission (1971) contained detectable
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 concentrations of PCB (0.01 ug/l). Mean values determined for Michigan
tributaries of Lakes Michigan, Huron, Superior, St. Clair and Erie were
.023 ug/l, .228 ug/l, .010 ug/l, .081 ug/l, and .186 ug/l total PCB
respectively. The Canada Centre for Inland Waters examined open waters
of Lakes Ontario and Erie during 1971 and measurable quantities were found
in 60 percent and 63 percent of the samples respectively. Summaries of
data from the three basins in each lake are presented in the Report of
the IJC Boards to the IJC (1972). The highest mean value was 0.062 ug/l
for bottom waters of Lake Ontario (western region), while the lowest was
.012 ug/l for the surface of Lake Ontario (eastern region). Lakewide
means of surface and bottom samples were .030 Ug/l and .032 ug/l respectively
for Lake Ontario, and .027 pg/l and .025 ug/l for Lake Erie. Samples taken
from Hamilton Harbour (Lake Ontario) by the Ontario Ministry of Environment
in 1972 showed ranges of PCBs in water of .035 — .095 ug/l and 0.2 - 10.1 ug/g
in sediments (Berg et al., 1974).
PCBs In Biota
The contamination is also widespread. The U.S. Food and Drug
Administration guideline of 5 pg/g in edible tissue has been exceeded in
numerous species in Lake Michigan including lake trout, coho salmon, Chinook
salmon and chub. In Lake Huron, walleye, Whitefish, and catfish are above
the tolerance level and likewise smelt and coho salmon in Lake Ontario. PCB
concentrations in Lake Erie fish are generally below 5 pg/g with the
exception of white bass (Report of the IJC Boards to the IJC, 1972). Recent
analyses by the Ontario Ministry of the Environment on fish from the St.
Clair River revealed muscle concentrations of 4.3 — 12.3 pg/g in white
bass, 0.1 - 6.8 ug/g in pike, 0.1 - 2.8 in white suckers and 1.5 — 4.7 ug/g
in coho salmon. Perch from Lake St. Clair showed levels of 0.1 - 0.25 Ug/g
and in the same area walleye contained 0.2 — 3.0 ug/g (Berg et al., 1974).
A serious situation exists with respect to populations of fish eating
birds in the vicinity of the lower Great Lakes. Severe reproductive failure
has been identified in herring gull colonies around Lake Ontario. While
eggshell thinning has been correlated with DDE content of the eggs there
is a positive correlation between early embryonic mortality and PCB
contamination (Gilbertson and Fox, 1975). Geometric means for PCBs in eggs
of four fish-eating bird species are given below in Table 1 (Gilbertson and
Reynolds, 1974).
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TABLE
1
—
PCB
RESIDUES
IN
BIRD
E009
 
(pg/g,
dry
weight
basis)
Herring
Ring—billed
Common
Double—crested
Location
gull
gull
«
tern
cormorant
Lake
Nipigon
77.5(52)
Lake
Huron
368(5)
113(2)
81.7(8)
140.0(55)
Detroit River 520(2)
Lake
Erie
300(6)
243(4)
156(15)
63.7(18)
Hamilton Harbour
258(71)
Lake Ontario
565(16)
379(4)
268(20)
114(7)
The major effect of PCBs on young birds is to produce symptoms of
chick edema disease.
The symptoms are subcutaneous pericardial and abdominal
edema, prophyria, liver necrosis and high mortality (Gilbertson, 1974;
Gilbertson and Hale, 1974; Gilbertson and Fox, 1975).
In herring gull chicks from
Lake Ontario colonies poor hatching success is associated with levels of
PCB's of over 900 pg/g on a dry matter basis in the liver — amongst the
highest levels in the world. Less severe signs were seen in Lake Erie
chicks at about 600 ug/g, but were not completely absent in a control group
from outside the Great Lakes at about 35 ug/g. Clearly, even the Lake
Erie group is contaminated by more than an order of magnitude above these.
In summary there can be little doubt that the existing state of PCB
contamination in the Great Lakes system is excessive. Of particular concern
must be the higher forms of life in which the process of bioconcentration
causes the greatest residues to be accumulated. At present, there are
insufficient data to estimate water concentrations of PCBs which will assure
protection of predatory fish, fish eating birds and other predators; this
will require greater understanding of the correlation of dietary intakes and
bioconcentration factors.
Effects of PCBs 0n Biota
PCBs are toxic to aquatic life by direct exposure and are hazardous
also to consumers of contaminated fish. Reproduction of midges and Daphnia
magna was reduced at 0.45 ug/l (Aroclor 1254) and 1.3 Ug/l respectively
(Nebeker and Puglisi, 1974). The highest concentration of Aroclor 1248
having no effect on the fathead minnow was about 0.3 ug/l (National Water
Quality Laboratory, 1974), a concentration which resulted in tissue residues
of about 90 ug/g or 18 times the guideline for human consumption recommended
by U.S. and Canadian federal health authorities. This indicates a bio-
concentration factor for fathead minnows of approximately 3 x 105. The factor
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OTHER ORGANIC CONTAMINANTS
 
Fo
r
ot
he
r
or
ga
ni
c
co
nt
am
in
an
ts
,
the
co
nc
en
tr
at
io
ns
of
wh
ic
h
ar
e
no
t
spe
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ied
but
whi
ch
can
be
dem
ons
tra
ted
to
be
per
sis
ten
t a
nd
are
lik
ely
to
be
tox
ic,
it
is
rec
omm
end
ed
tha
t
the
con
cen
tra
tio
ns
of
Suc
h
com
pou
nds
in
wat
er
or
aqu
ati
c o
rga
nis
ms
be
lim
ite
d t
o t
he
det
ect
ion
lev
el
as
det
erm
ine
d
by
the
bes
t
sci
ent
ifi
c m
eth
odo
log
y
ava
ila
ble
at
the
tim
e.
Egt
g:
Suc
h a
com
pou
nd
for
whi
ch
con
cen
tra
tio
ns
can
not
be
spe
cif
ied
is
Mir
ex,
a r
ati
ona
le
for
whi
ch
app
ear
s a
lon
g w
ith
tho
se
for
com
pou
nds
spe
cif
ied
above.
Not
e:
Whe
re
wat
ers
are
fou
nd
to
be
con
tam
ina
ted
as
def
ine
d b
y e
xce
edi
ng
the
app
rop
ria
te
obj
ect
ive
, a
ll
rea
son
abl
e a
nd
pra
cti
cab
le
mea
sur
es
sho
uld
be
tak
en
by
the
reg
ula
tin
g a
gen
cie
s t
o r
edu
ce
the
inp
ut
of
the
per
sis
ten
t o
rga
nic
contaminant to any part of the Great Lakes System.
EXISTING OBJECTIVE
The
reco
mmen
ded
nume
rica
l ob
ject
ives
are
inte
nded
to r
epla
ce t
he
exis
ting
inte
rim
obje
ctiv
e in
Anne
x 1,
para
grap
h 2(
c)
of t
he A
gree
ment
whic
h
states:
"Persistent Organic Contaminants. Persistent pest control products
and
othe
r pe
rsis
tent
orga
nic
cont
amin
ants
that
are
toxi
c or
harm
ful
to h
uman
, a
nima
l or
aqua
tic
life
shou
ld b
e su
bsta
ntia
lly
abse
nt i
n
the waters."
RATIONALE
Synthetic organic contaminants entering surface waters may be broadly
divided into persistent and non-persistent compounds. The distinction is
impo
rtan
t s
ince
the
orga
nic
cont
amin
ants
know
n to
pres
ent
the
grea
test
haza
rd
to h
uman
, a
nima
l an
d aq
uati
c l
ife
are
thos
e wh
ich
are
resi
stan
t to
degra
datio
n and
which
are
thus
avail
able
for d
isper
sion
in th
e env
ironm
ent
’
and
for
incor
porat
ion
into
biolo
gical
tissu
es.
Conce
ntrat
ions
of pe
rsist
ent
;
organic contaminants in the aquatic environment seldom achieve acutely-toxic %
proportions except in localized situationsdue to accident or misuse. Of
much greater concern are effects due to long—term exposure at sub—lethal
levels and bio-concentration of residues resulting in tissue accumulations of E
increasing magnitude with each higher level in the aquatic food chain. For
these reasons it is necessary to consider persistent contaminants separately
from those which are readily decomposed to non-toxic constituents.
Persistent organic contaminants are, according to the Canada—U.S.
Agreement, to be "substantially absent" from Great Lakes waters. While
the Water Quality Objectives Subcommittee would like to interpret this as
completely absent from the aquatic ecosystem, it is constrained by the
need to justify selected levels based upon protection of Ell potential uses.
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E Specific recommendations have been made for those cases where significant
§ studies have determined "safe" levels for representative fish and invertebrate
L species by chronic toxicity experiments. In cases where subtle and deleterious
; effects were noted at the lowest chronic dose level (e.g. a partial reduction
E in hatchability of eggs), an arbitrary safety factor of 0.2 was applied to
estimate the "safe" level. In cases where the aCUte toxicity studies
indicated that some species of fish were more sensitive than those actually
investigated, an experimentally determined application factor for fish for the
compound in question was utilized to estimate a "safe" level for the more
sensitive species of fish. Data for invertebrate studies were handled in
the same fashion.
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serious environmental consequences. Therefore, the philosophy of substantial
absence of these substances is endorsed. In a practical sense, this is that
concentration which is below that which can be quantified. That such
quantification limits should be the objective for compounds without "safe
levels" is indicated in the preceeding, but it should be particularly so for
proven carcinogens. In a survey of some ten laboratories in the Great Lakes
region which are currently doing routine determinations of pesticides and
other persistent organic contaminants, the following means and ranges of
quantification limits were reported, Table 2.
TABLE 2
PERSISTENT ORGANIC CONTAMINANTS QUANTIFICATION LIMITS
 
Mean Range Recommended Quantification
Compound ug/l ug/l Limit pg/l
Lindane .004 .001—.010 .001
Heptachlor .004 .001—.010 .001
Heptachlor Epoxide .004 .001—.010 .001
pp'—DDD .012 .001~.050 .002
pp'—DDE .011 .001—.050 .002
pp'—DDT .011 .001".125 .003
op‘—DDT .014 .001—.045 .003
Aldrin .004 .001—.010 .001
Dieldrin .008 .001—.025 .001
Endrin .008 .001—.020 .002
Chlordane .005 .002-.010 .002
Total PCB .035# .020—.100# V .010
pp' Methoxychlor .020 .010—.050 .010
Phthalate esters .6 .l —l.5 .2
# does not include a single high value of 1.5 ug/l.
* the mean of the lowest three values reported.
The third column is the mean of the lowest three quantification limits
reported. Since it is desired to provide incentive to the development of
more sensitive procedures, and not to condone insensitive determination, it
is these means which are recommended. They are employed, where appropriate,
for specification of concentrations for which experimental data are not
available to produce "safe" water levels but where there are data to establish
"safe" tissue levels.
Where an organic compound can be demonstrated to be persistent and likely
to be toxic and for which data are unavailable to establish either "safe"
water or tissue concentrations, it is recommended that its concentration in
water or aquatic organisms be limited to the detection level as determined by
the best scientific methodology available at the time.
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These quantification and detection limits, however, should be accepted
as permanent substitutes for experimentally determined "safe" concentration
— rather it is intended that they should stimulate research on safety
evaluations and analytical methods, plus provide a mechanism for action in
the case of newly observed contaminants.
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t
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r
c
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r
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o
n
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e
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i
c
h
a
r
e
c
o
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f
t
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i
c
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t
e
m
a
t
t
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r
f
r
o
m
e
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t
h
e
r
b
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o
l
o
g
i
c
a
l
o
r
m
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n
e
r
a
l
o
r
i
g
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n
.
M
e
t
a
l
s
w
h
i
c
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b
e
c
o
m
e
a
b
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b
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c
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c
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c
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b
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A
d
d
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y
,
t
r
a
c
e
m
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l
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a
y
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h
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c
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ch
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ox
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at
io
n
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ro
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h
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on
.
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se
s
of
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at
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y
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fl
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r
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ca
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e
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an
d
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ol
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al
ac
ti
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,
th
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y
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to
xi
c
to
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ot
a
to
a
mu
ch
hi
gh
er
de
gr
ee
th
an
la
rg
e
si
ze
pa
rt
ic
ul
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e
ma
tt
er
of
a
si
mi
la
r
ch
em
ic
al
composition.
An
al
ys
is
an
d
Gr
ea
t
La
ke
s
Co
nc
en
tr
at
io
ns
Pr
es
en
t
an
al
yt
ic
al
me
th
od
s
fo
r
th
e
qu
an
ti
ta
ti
ve
de
te
rm
in
at
io
n
of
me
ta
ls
in
wa
te
r,
se
di
me
nt
s
an
d
bi
ot
a
in
cl
ud
e
th
e
fo
ll
ow
in
g:
at
om
ic
ab
so
rp
ti
on
sp
ec
tr
om
et
ry
,
ne
ut
ro
n
ac
ti
va
ti
on
an
al
ys
is
,
po
la
ro
gr
ap
hy
,
an
od
ic
st
ri
pp
in
g,
vo
lt
am
me
tr
y,
sp
ec
if
ic
io
n
el
ec
tr
od
es
,
ti
tr
at
io
n
wi
th
sp
ec
if
ic
re
ag
en
ts
an
d
sp
ec
tr
op
ho
to
me
tr
y.
As
pr
ev
io
us
ly
di
sc
us
se
d,
me
ta
ls
ar
e
fo
un
d
in
di
ss
ol
ve
d,
co
mp
le
xe
d
an
d
p
a
r
t
i
c
u
l
a
t
e
fo
rm
s
in
wa
te
r.
C
o
n
s
e
q
ue
n
t
l
y,
a
n
a
l
ys
e
s
ar
e
p
e
r
f
o
r
m
e
d
fo
r
d
i
s
s
o
l
ve
d
,
su
sp
en
de
d,
e
xt
r
a
c
t
a
b
l
e
an
d
to
ta
l
me
ta
ls
.
At
pr
es
en
t,
mo
st
a
n
a
l
ys
e
s
ar
e
fo
r
to
ta
l
m
e
t
a
l
,
wh
i
c
h
m
a
y
i
n
c
l
ud
e
d
i
s
s
o
l
ve
d
an
d
a
d
s
o
r
b
e
d
or
su
sp
en
de
d
m
e
t
a
l
s
i
r
r
e
s
p
e
c
t
i
v
e
of
th
ei
r
o
xi
d
a
t
i
o
n
st
at
e
or
fo
rm
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mp
le
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ti
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.
a
t
u
r
a
l
w
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e
r
s
a
t
c
o
n
c
e
n
t
r
a
t
i
o
n
s
b
e
l
o
w
d
i
r
e
c
t
I
n
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c
h
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a
s
e
s
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o
n
c
e
n
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a
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o
c
e
d
u
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e
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,
e
a
p
p
l
i
e
d
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o
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d
e
r
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o
b
t
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i
n
r
e
l
i
a
b
l
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me
ta
ls
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n
r
o
ut
i
n
e
a
n
a
l
y
t
i
c
a
l
d
e
t
e
c
t
a
b
i
l
i
t
y.
u
s
u
a
l
l
y
b
y
s
o
l
v
e
n
t
e
x
t
r
a
c
t
i
o
n
,
h
a
v
e
to
b
q
u
a
n
t
i
t
a
t
i
v
e
r
e
s
u
l
t
s
at
t
h
e
s
e
l
o
w
l
e
ve
l
s
.
W
a
t
e
r
s
a
m
p
l
e
s
f
o
r
m
e
t
a
l
a
n
a
l
y
s
e
s
a
r
e
g
e
n
e
r
a
l
l
y
p
r
e
s
e
r
v
e
d
b
y
a
d
d
i
n
g
a
c
i
d
t
o
p
H
2
o
r
l
e
s
s
.
A
t
t
h
i
s
p
H
a
l
l
m
e
t
a
l
s
b
e
c
o
m
e
a
v
a
i
l
a
b
l
e
f
o
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o
l
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e
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e
x
t
r
a
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x
c
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t
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o
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v
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o
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l
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o
u
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b
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l
i
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a
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.
D
i
f
f
i
c
u
l
t
y
w
a
s
e
x
p
e
r
i
e
n
c
e
d
i
n
o
b
t
a
i
n
i
n
g
a
c
c
u
r
a
t
e
d
a
t
a
o
n
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
m
e
t
a
l
s
i
n
G
r
e
a
t
L
a
k
e
s
w
a
t
e
r
s
.
U
n
p
u
b
l
i
s
h
e
d
r
a
w
d
a
t
a
f
r
o
m
m
o
n
i
t
o
r
i
n
g
o
f
t
e
n
c
o
n
t
a
i
n
e
d
i
n
c
o
r
r
e
c
t
v
a
l
u
e
s
d
u
e
t
o
s
a
m
p
l
e
c
o
n
t
a
m
i
n
a
t
i
o
n
a
t
s
o
m
e
s
t
a
g
e
b
e
t
w
e
e
n
c
o
l
l
e
c
t
i
o
n
a
n
d
a
n
a
l
y
s
i
s
.
S
i
n
c
e
a
n
a
l
y
s
e
s
a
r
e
g
e
n
e
r
a
l
l
y
q
u
i
t
e
a
c
c
u
r
a
t
e
,
t
h
e
p
r
o
b
l
e
m
i
s
o
n
e
o
f
s
a
m
p
l
e
c
o
l
l
e
c
t
i
o
n
a
n
d
s
t
o
r
a
g
e
.
C
o
n
s
e
q
u
e
n
t
l
y
,
m
e
t
a
l
c
o
n
c
e
n
t
r
a
t
i
o
n
s
i
n
o
f
f
s
h
o
r
e
G
r
e
a
t
L
a
k
e
s
w
a
t
e
r
s
i
n
T
a
b
l
e
4
i
n
c
l
u
d
e
o
n
l
y
s
u
m
m
a
r
y
s
t
a
t
i
s
t
i
c
s
d
e
r
i
v
e
d
f
r
o
m
w
e
l
l
—
s
c
r
e
e
n
e
d
r
a
w
d
a
t
a
o
n
s
p
e
c
i
f
i
c
m
e
t
a
l
s
f
r
o
m
t
h
e
u
p
p
e
r
l
a
k
e
s
.
S
i
m
i
l
a
r
s
t
a
t
i
s
t
i
c
s
a
r
e
n
o
t
a
v
a
i
l
a
b
l
e
f
o
r
L
a
k
e
s
M
i
c
h
i
g
a
n
,
S
t
.
C
l
a
i
r
,
E
r
i
e
a
n
d
O
n
t
a
r
i
O
.
O
t
h
e
r
d
a
t
a
o
n
c
o
n
c
e
n
t
r
a
t
i
o
n
s
o
f
m
e
t
a
l
s
i
n
w
a
t
e
r
s
i
s
f
r
o
m
p
u
b
l
i
s
h
e
d
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o
u
r
c
e
s
a
n
d
t
h
e
a
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c
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r
a
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o
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t
h
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d
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t
a
h
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s
n
o
t
b
e
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n
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.
B
i
o
l
o
g
i
c
a
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E
f
f
e
c
t
s
a
n
d
M
o
n
i
t
o
r
i
n
g
P
r
o
b
l
e
m
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S
p
r
a
g
u
e
(
1
9
7
0
)
i
n
h
i
s
r
e
v
i
e
w
o
f
t
h
e
u
t
i
l
i
t
y
o
f
b
i
o
a
s
s
a
y
r
e
s
u
l
t
s
i
n
d
i
c
a
t
e
d
t
h
a
t
f
o
r
f
i
s
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t
d
i
f
f
e
r
e
n
t
t
i
m
e
s
a
n
d
p
l
a
c
e
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"
p
r
e
c
i
p
i
t
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t
e
d
"
z
i
n
c
w
a
s
l
e
s
s
t
o
x
i
c
,
e
q
u
a
l
l
y
a
s
t
o
x
i
c
o
r
m
o
r
e
t
o
x
i
c
t
h
a
n
"
i
o
n
i
c
"
z
i
n
c
.
T
h
i
s
a
m
b
i
g
u
i
t
y
w
a
s
p
r
o
b
a
b
l
y
t
h
e
r
e
s
u
l
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n
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l
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s
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u
r
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t
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v
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o
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s
f
o
r
m
s
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at
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of zinc. On the other hand, toxicity of copper has been related, with
reasonable success, to measurement of specific forms.
As a working method for some metals, fairly good correlations with
biological availability and hence toxicity, have been obtained by assuming
that soluble toxic forms pass a 0.45 p filter while insoluble non—toxic
forms do not. It is recognized however, that the actual separation of
these forms is not that simple. Forms which were retained by the filter
could be a reservoir of potentially toxic forms which mayreadily redissolve
under changing conditions. Pulse polarography has been used to measure "labile"
and "non—labile" forms of copper, but lability has not been directly related
to toxicity to algae (Gachter at al., 1973). Specific ion electrodes were used
to meaSure ion activity of copper (Zitko et al,, 1973). While the measured ion
activity was roughly related to copper toxicity to salmon, an ion activity
below 200 ug/l could only be determined by extrapolation. Shaw and Brown
(1974) also correlated copper toxicity to trout with ion activity as well
as with estimated concentrations of carbonate—complexed and NTA—complexed
copper. They concluded that toxicity was best characterized by the total of
copper (II) (2 ion activity) and copper carbonate and not by a single form
alone.
The
stan
dard
chem
ical
proc
edur
e of
acid
ifyi
ng s
ampl
es
to p
H 2
solu
bili
zes
many loosely—bound forms of copper (= "acid extractable"). While this may
be u
ndes
irab
le w
hen
carr
ying
out
toxi
city
test
s, i
t is
an e
ssen
tial
proc
edur
e
for
asse
ssin
g lo
adin
gs a
nd f
or a
sses
sing
the
pote
ntia
l ha
rm o
f to
xic
form
s
and
res
erv
oir
s o
f c
opp
er,
as
wel
l a
s t
emp
ora
ril
y i
nac
tiv
e f
orm
s o
f c
opp
er.
Rem
ova
l o
f p
hyt
o-
and
zoo
pla
nkt
on
fro
m a
sam
ple
is
pro
bab
ly
unn
ece
ssa
ry
bec
aus
e t
hei
r m
eta
l c
onc
ent
rat
ion
s a
re
low
and
the
ir
con
tri
but
ion
to
tot
al
met
al
con
cen
tra
tio
ns
in
wat
er
sam
ple
s i
s m
ino
r.
For
exa
mpl
e,
cop
per
con
cen
tra
tio
ns
in
Lak
e
Mic
hig
an
phy
to—
and
zoo
pla
nkt
on
wer
e
6 a
nd
5 m
g/k
g
wet
wei
ght
res
pec
tiv
ely
(Co
pel
and
and
Aye
rs,
197
2).
Ass
umi
ng
a L
ake
Eri
e
se
as
on
al
ma
xi
mu
m
de
ns
it
y
of
ph
yt
op
la
nk
to
n
of
14
mg
/l
(V
ol
le
nw
ei
de
r
et
_a
l:
,
197
4)
an
d
of
zo
op
la
nk
to
n
of
1 m
g/
l
(W
at
so
n,
19
74
),
the
to
ta
l
co
pp
er
in
pla
nkt
on
wou
ld
be
equ
iva
len
t
to
0.0
89
ug/
l o
f
cop
per
in
the
wat
er.
Cop
per
co
nc
en
tr
at
io
ns
in
La
ke
Mi
ch
ig
an
wa
te
r
av
er
ag
e
5
pg
/l
(C
op
el
an
d
an
d
Ay
er
s,
19
72
).
Th
us
in
wh
ol
e—
wa
te
r
th
e
ma
xi
mu
m
er
ro
r
in
th
e
me
ta
l
co
nc
en
tr
at
io
n
of
th
e
sa
mp
le
du
ri
ng
pl
an
kt
on
bl
oo
ms
wo
ul
d
be
ab
ou
t
2%
.
Th
is
va
lu
e
ma
y
be
to
o
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gh
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e
pl
an
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on
in
a
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oo
m
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gh
t
de
pl
et
e
th
e
me
ta
l
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ns
in
th
e
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r
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g s
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ra
th
er
th
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di
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me
ta
l
io
ns
.
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op
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n
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e
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r
li
tr
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at
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m
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d
be
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de
d
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t
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ng
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r
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e
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io
ns
.
In
ad
di
ti
on
,
fi
lt
ra
ti
on
to
re
mo
ve
mi
cr
o~
or
ga
ni
sm
s
co
ul
d
be
an
ot
he
r
pr
ob
le
m
—-
th
e
fi
lt
er
ma
y
ad
d
or
re
mo
ve
io
ni
c
co
pp
er
(M
ar
vi
n
gt
_a
1.
,
19
70
).
A
fu
rt
he
r
pr
ob
le
m
ma
y
be
an
om
al
ou
sl
y
hi
gh
co
nc
en
tr
at
io
ns
of
me
ta
ls
in
sa
mp
le
s
ob
ta
in
ed
fr
om
tu
rb
id
in
sh
or
e
wa
te
rs
af
fe
ct
ed
by
sh
or
el
in
e
er
os
io
n.
Th
es
e
co
nc
en
tr
at
io
ns
sh
ou
ld
be
in
te
rp
re
te
d
wi
th
ca
ut
io
n.
Th
e
me
as
ur
em
en
t
of
me
ta
ls
in
a
sa
mp
le
th
at
ha
s
be
en
al
lo
we
d
to
se
tt
le
or
th
at
ha
s
be
en
.
fi
lt
er
ed
co
ul
d
al
so
gi
ve
er
ro
ne
ou
s
re
su
lt
s
if
me
ta
ls
wh
ic
h
ar
e
ea
si
ly
dl
ss
ol
ve
d
  
 fr
om
pa
rt
ic
ul
at
e
ma
tt
er
we
re
re
mo
ve
d.
St
if
f
(19
71)
ha
s
as
se
mb
le
d
a
va
ri
et
y
of
me
th
od
s
an
d
has
ou
tl
in
ed
an
an
al
yt
ic
al
ro
ut
in
e
for
di
ff
er
en
ti
at
in
g
va
ri
ou
s
fo
rm
s
of
co
pp
er
.
Ho
we
ve
r,
re
su
lt
s
of
th
is
ap
pr
oa
ch
ha
ve
yet
to
be
co
rr
el
at
ed
to
to
xi
ci
ty
te
st
s
in
a
va
ri
et
y
of
wa
te
rs
an
d
ar
e
no
t
su
it
ab
le
fo
r
ap
pl
ic
at
io
n
to
ro
ut
in
e
mo
ni
to
ri
ng
.
Ho
we
ve
r,
it
is
ho
pe
d
th
at
fu
tu
re
de
ve
lo
pm
en
ts
in
th
e
me
th
od
ol
og
y
for
id
en
ti
fy
in
g
th
e
va
ri
ou
s
fo
rm
s
of
me
ta
ls
wi
ll
al
lo
w
fo
r
re
fi
ne
me
nt
s
of
ob
je
ct
iv
es
.
Ob
vi
ou
sl
y
an
y
su
ch
re
fi
ne
me
nt
in
th
e
de
te
rm
in
at
io
n
of
the
ch
em
ic
al
an
d
ph
ys
ic
al
sp
ec
if
ic
at
io
n
of
an
el
em
en
t
wil
l
al
so
re
qu
ir
e
mo
re
ela
bor
ate
sam
pli
ng
and
sto
rag
e
pro
ced
ure
s.
Th
er
ef
or
e,
un
ti
l
the
re
la
ti
on
sh
ip
be
tw
ee
n
me
ta
l
fo
rm
s
an
d
th
ei
r
to
xi
ci
ty
is
fi
rm
ly
es
ta
bl
is
he
d,
an
d
un
ti
l
th
er
e
ar
e
re
li
ab
le
me
th
od
s
for
mo
ni
to
ri
ng
suc
h
for
ms,
wat
er
qua
lit
y
obj
ect
ive
s
for
met
als
wil
l
ref
er
to
tot
al
co
nc
en
tr
at
io
ns
of
ea
ch
me
ta
l
in
an
un
fi
lt
er
ed
,
(w
ho
le
wa
te
r)
,
di
ge
st
ed
ms
am
pl
e;
 
Set
tin
g
Obj
ect
ive
s
for
Met
als
for
Aqu
ati
c
Bio
ta
Co
nc
en
tr
at
io
ns
of
me
ta
ls
th
at
ar
e
ab
ov
e
th
e
le
ve
l
re
qu
ir
ed
for
the
nu
tr
it
io
n
of
aq
ua
ti
c
or
ga
ni
sm
s
bu
t
wh
ic
h
ar
e
be
lo
w
th
ei
r
le
th
al
le
ve
l
ma
y
pr
od
uc
e
su
bt
le
de
tr
im
en
ta
l
ef
fe
ct
s
to
th
ei
r
or
ga
ni
sm
s.
Th
es
e
ef
fe
ct
s
ma
y
ra
ng
e
fr
om
th
e
in
hi
bi
ti
on
of
a
si
ng
le
en
zy
me
to
fa
il
ur
e
in
re
pr
od
uc
ti
on
.
The
inh
ibi
tio
n
of
a s
ing
le
enz
yme
may
be
of
min
or
con
seq
uen
ce
or
it
may
con
tri
but
e
to
rep
rod
uct
ive
fai
lur
e.
If
an
aqu
ati
c
org
ani
sm
is
aff
ect
ed
in
so
me
wa
y
by
a m
et
al
so
th
at
it
fa
il
s
to
re
pr
od
uc
e,
the
po
pu
la
ti
on
of
tha
t
or
ga
ni
sm
ma
y
di
sa
pp
ea
r
wi
th
ou
t
ev
id
en
t
di
re
ct
mo
rt
al
it
y.
Re
du
ct
io
ns
in
gr
ow
th
or
in
th
e
ef
fi
ci
en
cy
of
va
ri
ou
s
ph
ys
io
lo
gi
ca
l
fu
nc
ti
on
s,
ch
an
ge
s
in
be
ha
vi
ou
r,
or
oc
cu
rr
en
ce
of
ph
ys
ic
al
ab
no
rm
al
it
ie
s
ma
y
al
l
re
du
ce
th
e
pr
ob
ab
il
it
y
of
su
cc
es
sf
ul
re
pr
od
uc
ti
on
of
an
or
ga
ni
sm
.
In
pa
rt
ic
ul
ar
,
av
oi
da
nc
e
of
su
bl
et
ha
l
co
nc
en
tr
at
io
ns
of
po
ll
ut
an
ts
ma
y
be
ha
rm
fu
l
to
po
pu
la
ti
on
s
of
fi
sh
by
pr
ev
en
ti
ng
mi
gr
at
io
n
to
sp
aw
ni
ng
ar
ea
s
or
fa
vo
ur
ab
le
feeding areas.
Th
us
,
th
e
ob
je
ct
iv
es
fo
r
me
ta
ls
ar
e
se
t
at
sa
fe
co
nc
en
tr
at
io
ns
fo
r
aq
ua
ti
c
sp
ec
ie
s.
Sa
fe
co
nc
en
tr
at
io
ns
ar
e
de
te
rm
in
ed
as
th
e
ma
xi
mu
m
co
nc
en
tr
at
io
ns
sh
ow
n
to
ha
ve
no
ha
rm
fu
l
ef
fe
ct
on
an
y
or
al
l
as
pe
ct
s
of
an
aq
ua
ti
c
or
ga
ni
sm
's
re
pr
od
uc
ti
on
,
ph
ys
io
lo
gy
,
be
ha
vi
ou
r,
gr
ow
th
or
an
y
ot
he
r
fu
nc
ti
on
or
ac
ti
vi
ty
es
se
nt
ia
l
fo
r
th
e
ma
in
te
na
nc
e
of
it
s
po
pu
la
ti
on
.
In
ad
di
ti
on
th
er
e
sh
ou
ld
be
no
de
tr
im
en
ta
l
ef
fe
ct
on
a
fi
sh
er
y
ba
se
d
di
re
ct
ly
or
in
di
re
ct
ly
on
th
at
or
ga
ni
sm
.
An
un
sa
fe
co
nc
en
tr
at
io
n
is
an
y
co
nc
en
tr
at
io
n
having a harmful effect. I
Sa
fe
co
nc
en
tr
at
io
ns
ar
e
us
ua
ll
y
de
ve
lo
pe
d
by
la
bo
ra
to
ry
me
a5
ur
em
en
ts
of
su
bl
et
ha
l
to
xi
ci
ty
.
A
me
as
ur
em
en
t
of
co
nc
en
tr
at
io
ns
in
hi
bi
ti
ng
re
pr
od
uc
ti
on
or
pr
od
uc
in
g
mo
rt
al
it
y
of
a
se
ns
it
iv
e
li
fe
st
ag
e
pr
ov
id
es
a
di
re
ct
me
as
ur
em
en
t
of
th
e
un
sa
fe
co
nc
en
tr
at
io
n.
Me
as
ur
em
en
ts
of
co
nc
en
tr
at
io
ns
in
hi
bi
ti
ng
ph
ys
io
lo
gi
ca
l
pr
oc
es
se
s
ar
e
mo
st
us
ef
ul
wh
en
th
e
re
le
va
nc
e
to
ma
in
ta
in
in
g
a
po
pu
la
ti
on
of
th
e
te
st
or
ga
ni
sm
is
de
fi
ne
d.
72
“~
um _l—‘J
Sa
fe
co
nc
en
tr
at
io
ns
ma
y
be
de
ri
ve
d
fr
om
th
re
e
me
as
ur
em
en
ts
:
(a)
(b)
(c)
Th
e
Ma
xi
mu
m
Ac
ce
pt
ab
le
To
xi
ca
nt
Co
nc
en
tr
at
io
n
(M
AT
C)
as
de
fi
ne
d
by
Mo
un
t
an
d
St
ep
ha
n
(1
96
7)
co
ns
is
ts
of
tw
o
nu
mb
er
s:
(1)
th
e
lo
we
st
co
nc
en
tr
at
io
n
of
a
to
xi
ca
nt
ha
vi
ng
a
ha
rm
fu
l
ef
fe
ct
on
an
or
ga
ni
sm
(u
ns
af
e)
an
d
(2)
th
e
hi
gh
es
t
co
nc
en
tr
at
io
n
no
t
pr
od
uc
in
g
th
at
ef
fe
ct
(s
af
e)
.
Th
e
th
re
sh
ol
d
of
re
Sp
on
se
oc
cu
rs
so
me
wh
er
e
be
tw
ee
n
th
es
e
two concentrations.
A
di
re
ct
me
as
ur
em
en
t
of
th
e
th
re
sh
ol
d
co
nc
en
tr
at
io
n
ca
us
in
g
th
e
ha
rm
fu
l
ef
fe
ct
.
Th
es
e
da
ta
ma
y
be
le
ss
us
ef
ul
if
th
er
e
ar
e
no
li
mi
ts
gi
ve
n
to
th
e
ra
ng
e
of
th
re
sh
ol
d
co
nc
en
tr
at
io
ns
.
Th
e
ap
pl
ic
at
io
n
fa
ct
or
co
nc
ep
t
pr
ov
id
es
th
e
th
ir
d
so
ur
ce
of
da
ta
fo
r
ob
je
ct
iv
es
si
nc
e
it
is
th
e
ra
ti
o
of
MA
TC
's
to
96
—h
ou
r
LC
so
's
.
Co
ns
eq
ue
nt
ly
,
an
ap
pl
ic
at
io
n
fa
ct
or
ca
n
es
ti
ma
te
th
e
MA
TC
fo
r
a
pa
rt
ic
ul
ar
sp
ec
ie
s
af
te
r
a
si
mp
le
96
—h
ou
r
LC
so
me
as
ur
em
en
t.
Si
nc
e
th
er
e
ar
e
er
ro
r
li
mi
ts
to
bo
th
th
e
ap
pl
ic
at
io
n
fa
ct
or
an
d
th
e
96
-h
ou
r
LC
5o
,
a
di
re
ct
es
ti
ma
ti
on
of
th
e
NA
TO
by
ex
pe
ri
me
nt
at
io
n
is
pr
ef
er
ab
le
.
It
is
th
e
in
te
nt
of
th
e
Wa
te
r
Qu
al
it
y
Bo
ar
d
to
pr
ov
id
e
a
qu
al
it
y
of
wa
te
r
in
th
e
Gr
ea
t
La
ke
s
th
at
wi
ll
pr
ot
ec
t
al
l
wa
te
r
us
es
.
Th
er
ef
or
e.
th
e
pr
op
os
ed
ob
je
ct
iv
es
fo
r
th
e
me
ta
ls
th
at
fo
ll
ow
ar
e
ba
se
d
on
th
e
mo
st
se
ns
it
iv
e
of
th
e
de
fi
ne
d
us
es
of
th
es
e
Gr
ea
t
La
ke
s
wa
te
rs
.
    
7
4
Concentrations (Hg/l) of metals in filtered Great Lakes water
Table 5
 
sampled from municipal water intakes between 1962 and 1967 (Kopp and Kroner, 1970).
 
Metal ‘
‘Detection
Limitsa
(Pg
/1)
Lak
e S
upe
rio
r
at Duluth at St. Mary's R.
Ran
ge
Mean1 Range
Mean
Lake Michigan
at Mil
waukee
Mean Range
at G
ary
Mean Range
Lake Huron
at Port Huron
Mean
Range
Lake St.C1air
at Detroit
Mean Range
Lake Erie
St.
at Buffalo
at
Mean Range Mean
Lawrence
R.
Massena
Range
Aluminum
Arsenic
Cadmium
Chromium
Copper
Ir
on
Lead
Nickel
Silver
Zinc
4
0
1
0
0
20
1
0
1
0
10
40
2
0
2
0
11 NBS—26
Not measured
Not measured
9 ND—ZO
3
3-36
23
2-83
__
-2
__ .__.3
Not measured
9 ND—l7
6
.__
..
3
5
1
9
6
1
1
4
1
ND—
lO
2—28
13
ND-
168 20
ND—lZ
l3
ND-28 ND
2—406
13
Not measured 21
ND-34
4
ND—37 49
ND-ZO 34
ND-23
25
ND-58
ND-l9
ND-ll4
ND-SS
10-55
24
1
0
16
14
12
ND-65
ND-S
4—20
ND-53
ND-ZB
ND-
ZO
2
9
2
3
2
1
2
4
ND-68
ND—
69
31 ND-66 39
“’ ‘“_“ 38
7 ND-12 Not
7 ND-lO 26
24
10-56
7
19 4-84 22
Not measured 22
2.6
178 64-423 41
ND—148
ND-58
measured
ND—llZ
ND-23
ND—l7l
ND-48
ND—lO
ND-6.0
ND-210
#4
o
.
-
H
N
M
x
‘
P
l
-
O
N
D
N
Q
Me
an
Only
On
ly
On
ly
ND:
Only
On
ly
of concentrations above limits of detection in extracted samples.
t
w
o
one
two
no C
CWO
CWO
detections:
detection:
detections:
detected at
detections:
detec
tions
:
7 and
20 ug/
l.
2 ug/l.
2 and 4 ug/l.
limits of analytical method.
5 and 20 ug/l.
l3 and 21 ug/l.
Extraction methods allow the measurement of concentration below
normal detection limits.
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ARSENIC
RECOMMENDATION
It
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pu
bl
ic
water suppZtes.
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pr
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c
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c
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t
so
ur
ce
s
of
ar
se
ni
c
co
nt
am
in
at
io
n
ar
e
th
e
bu
rn
in
g
of
fo
ss
il
fu
el
s
su
ch
as
co
al
an
d
oi
l,
an
d
va
ri
ou
s
pe
st
ic
id
es
su
ch
as
he
rb
ic
id
es
ap
pl
ie
d
di
re
ct
ly
to
wa
te
r
(W
ie
be
,
19
30
;
Gi
ld
er
hu
s,
19
66
).
Ar
se
ni
c
al
so
co
me
s
fr
om
va
ri
ou
s
cl
ea
ns
in
g
co
mp
Ou
nd
s
in
wh
ic
h
le
ve
ls
as
hi
gh
as
35
ug
/g
ha
ve
be
en
me
as
ur
ed
(Z
wi
ck
an
d
Be
ns
to
ck
,
19
71
).
Ab
ou
t
91
,0
00
kg
of
ar
se
ni
c
we
re
us
ed
in
th
e
Gr
ea
t
La
ke
s
ba
si
n
in
19
68
,
pr
im
ar
il
y
as
AS
20
3,
fo
r
metallurgy (Fenwick, 1972).
Ar
se
ni
c
le
ve
ls
in
su
rf
ac
e
wa
te
rs
,
fr
om
na
tu
ra
l
or
ma
n
ma
de
co
nt
am
in
at
io
n
va
ry
co
ns
id
er
ab
ly
.
Fe
rg
us
on
an
d
Ga
vi
s
(1
97
2)
re
po
rt
le
ve
ls
be
tw
ee
n
0
an
d
10
ug
/l
in
fr
es
hw
at
er
;
in
Ge
rm
an
y
le
ve
ls
of
2
to
3
ug
/l
ar
e
no
rm
al
ly
fo
un
d
(H
ut
ch
in
so
n,
19
57
,
p.
56
3)
.
Co
nc
en
tr
at
io
ns
of
ar
se
ni
c
in
th
e
Gr
ea
t
La
ke
s
ar
e
un
if
or
ml
y
1
ug
/l
or
le
ss
in
of
fs
ho
re
wa
te
rs
(C
CI
W,
un
pu
bl
is
he
d
da
ta
)
bu
t
we
re
fo
un
d
to
be
as
hi
gh
as
58
ug
/l
in
a
wa
te
r
in
ta
ke
at
Ma
ss
en
a,
Ne
w
Yo
rk
(T
ab
le
3)
.
Th
e
Mo
ir
a
Ri
ve
r,
fl
ow
in
g
in
to
th
e
Ba
y
of
Qu
in
te
,
co
nt
ai
ns
hi
gh
le
ve
ls
of
ar
se
ni
c
du
e
to
mi
ni
ng
ac
ti
vi
ty
in
it
s
wa
te
rs
he
d.
Co
nc
en
tr
at
io
ns
of
ar
se
ni
c
in
th
e
wa
te
r
of
th
is
ri
ve
r
ar
e
no
rm
al
ly
gr
ea
te
r
th
an
10
ug
/l
bu
t
va
lu
es
as
hi
gh
as
30
0
ug
/l
ha
ve
be
en
re
co
rd
ed
(O
NE
,
19
71
).
Ar
se
ni
c
ha
s
no
kn
ow
n
nu
tr
it
iv
e
va
lu
e
fo
r
pl
an
ts
(B
ow
en
,
19
66
)
an
d
it
s
es
se
nt
ia
li
ty
fo
r
an
im
al
s
ha
s
no
t
be
en
pr
ov
en
.
Ho
we
ve
r,
ar
se
ni
c
in
th
e
fo
rm
of
ar
sa
ni
li
c
ac
id
,
4—
ni
tr
op
he
ny
la
rs
on
ic
ac
id
,
3-
ni
tr
o—
4-
hy
dr
ox
y-
ph
en
yl
ar
so
ni
c
ac
id
an
d
ph
en
yl
—a
rs
en
ox
id
e
ar
e
pr
ov
en
gr
ow
th
st
im
ul
an
ts
fo
r
7
6
;
i—iJ.
  
  
  
  
  
  
  
 
   
  
   
   
    
  
    
  
  
pigs and poultry (Underwood, 1971).
Arsenic is classified by Bowen (1966) as moderately toxic to plants
(toxic effects appear at concentrations between 1 and 100 mg/l in the
nutrient solution). Arsenic is highly toxic to animals and it is a
cumulative poison. Acute poisoning produces intestinal pain, vomiting
and can lead to death. Chronic symptoms include cramps, nausea and
liver damage (Fenwick, 1972).
In accordance with the "Safe Drinking Water Act", (PL—93-523), the
U.S. Environmental Protection Agency proposed interim drinking water
standards in the Federal Register on March 14, 1975. The maximum con-
taminant level for arsenic is proposed to be 50 ug/l, the same value as
in the existing standards. Recently, the National Academy of Sciences
(NAS/NAE, 1973) has recommended a maximum level of 100 ug/l total arsenic
"because of adverse physiological effects on humans and because there is
inadequate information on the effectiveness of defined (water) treatment
procedures in removing arsenic." The existing guidelines for raw water
in Canada (1968 Canadian Drinking Water Standards and Objectives — under
review) specify an acceptable arsenic level of 10 Ug/l and a maximum
permissible level of 50 ug/l. For livestock an upper limit of 200 ug/l
of arsenic in water is recommended (NAS/NAE, 1973)
The
pres
ence
of a
rsen
ic i
n th
e aq
uati
c en
viro
nmen
t ha
s be
en s
hown
in s
ome
case
s to
have
dele
teri
ous
effe
cts
on o
rgan
isms
.
Some
work
ers
have
uSed
sodi
um a
rsen
ite
to d
eter
mine
the
leth
alit
y of
arse
nic
on t
est
org
ani
sms
(Gi
lde
rhu
s,
196
6),
whi
le
oth
ers
hav
e u
sed
ars
eni
te
as
ars
eni
c
tri
oxi
de
(Ho
lla
nd,
196
0).
The
let
hal
con
cen
tra
tio
ns
of
bot
h a
rse
nat
e a
nd
ars
eni
te
for
som
e a
lga
e f
all
bet
wee
n 2
,00
0 a
nd
10,
000
ug/
l (
Won
g,
197
5).
Th
e
th
re
e
we
ek
LC
50
of
so
di
um
ar
se
na
te
to
Da
ph
ni
a
ma
gn
a
wa
s
2,
85
0
ug/
l w
hil
e
the
con
cen
tra
tio
ns
cau
sin
g
50
and
16%
imp
air
men
t
of
rep
rod
uct
ion
wer
e
1,4
00
and
520
ug/
l,
res
pec
tiv
ely
(Bi
esi
nge
r a
nd
Chr
ist
ens
en,
197
1).
Lit
tle
is
kno
wn
abo
ut
the
eff
ect
s
of
sod
ium
ars
eni
te
on
inv
ert
ebr
ate
and
fis
h p
hys
iol
ogy
.
It
is
mai
nly
use
d
as
a h
erb
ici
de,
but
it
may
als
o
be
us
ed
as
a
de
te
rr
en
t
to
To
re
do
in
fe
st
at
io
n
of
wo
od
en
st
ru
ct
ur
es
in
sa
lt
wa
te
r.
Th
e
48
—h
ou
r
LC
50
of
so
di
um
ar
se
ni
te
to
ch
um
sa
lm
on
(O
nc
or
hy
ng
hu
s
ke
ta
)
is
ab
ou
t
11
,0
00
ug
/l
(A
ld
er
di
ce
an
d
Br
et
t,
19
57
).
Ho
ll
an
d
(1
96
0)
no
te
d
22
%
in
it
ia
l
mo
rt
al
it
y
of
yo
un
g
pi
nk
sa
lm
on
ex
po
se
d
to
5,
30
0
ug
/l
ar
se
ni
c,
bu
t
mo
rt
al
it
y
in
th
e
su
rv
iv
or
s
co
nt
in
ue
d
fo
r
an
ad
di
ti
on
al
20
da
ys
.
Re
ce
nt
ly
,
Sp
ey
er
(1
97
4)
fo
un
d
6,
00
0
ug
/l
ar
se
ni
c
to
be
th
e
lo
we
st
le
ve
l
af
fe
ct
in
g
gr
ow
th
of
ra
in
bo
w
tr
ou
t
al
th
ou
gh
th
e
re
sp
on
se
wa
s
in
cr
ea
se
d
by
th
e
pr
es
en
ce
of
20
0
Ug
/l
HC
N.
La
wr
en
ce
(1
95
8)
in
ve
st
ig
at
ed
th
e
ef
fe
ct
of
ar
se
ni
c
tr
io
xi
de
on
fi
sh
pr
od
uc
ti
on
us
in
g
po
nd
s
st
oc
ke
d
wi
th
bl
ue
gi
ll
s.
At
4,
00
0
ug
/l
an
d
8,
00
0
ug
/l
,
re
du
ct
io
n
of
bo
tt
om
or
ga
ni
sm
s
as
co
mp
ar
ed
to
th
e
co
nt
ro
ls
wa
s
34
%
an
d
45
%,
re
sp
ec
ti
ve
ly
.
Th
e
we
ig
ht
of
fi
sh
ha
rv
es
te
d
wa
s
al
so
su
b—
St
an
ti
al
ly
re
du
ce
d
in
th
e
tr
ea
te
d
po
nd
s.
Co
nd
it
io
ne
d
av
oi
da
nc
e
be
ha
vi
ou
r
  
 
  
 
of
goldfish
was
significantly
impared
by
100
ug/l
arsenic
as
sodium
arsenate but not by 50 ug/l (Weir and Hine, 1970).
Gilderhus
(1966)
studied
the
uptake
of
sodium
arsenite
by bluegills
in Outdoor pools containing invertebrates, vegetation and sediments.
He noted that much of the arsenic applied ended up in the sediment.
At 4,000 ug/l arsenic (a single treatment) maximum tissue residues in
fish were 1,300 ug/kg for muscle, 2,400 ug/kg for skin and scales, 17,600
ug/kg for gills and digestive tract, 11,600 Ug/kg for liver, 5,900 Ug/kg for
kidneys and 8,400 ug/kg for ovary.
Average residues in Great Lakes fish
vary from 3—43 ug/kg on a whole weight basis (Lucas et_a1., 1970), < 50—
700 ug/kg on a dressed fish basis (Uthe and Bligh, 1971) and 6-80 ug/kg
on a liver basis (Lucas 33 31., 1970).
These values are considerably
below
those
observed
on
an
experimental
basis.
Concentrations of arsenic considered safe for public drinking water
supplies are substantially lower than those required to protect aquatic
life.
Consequently, the objective for arsenic should be 50 ug/l in keeping
with the approved concentration for the protection of human health.
However,
to protect aquatic life, the Province of Ontario, specifies that "an environmental
level of 10 ug/l should not be exceeded under any circumstances"
(OWRC, 1970).
This guideline is not well
supportedby scientific evidence.
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CADMIUM
RECOMMENDATION
Con
cen
tra
tio
ns
of
tot
al
cad
miu
m i
n a
n u
nfi
Zte
red
wat
er
sam
ple
sho
uld
not
exc
eed
0.2
mic
rog
ram
s p
er
lit
re
to
pro
tec
t a
qua
tic
life
.
RATIONALE
Cad
miu
m
is
a d
iva
len
t
met
al
tha
t
occ
urs
mos
tly
as
a
sul
phi
de,
usu
all
y i
n a
sso
cia
tio
n w
ith
oth
er
met
al
sul
phi
des
,
esp
eci
all
y o
f
lea
d
and
zin
c.
The
re
is
no
min
ing
act
ivi
ty
spe
cif
ica
lly
for
cad
miu
m;
it
is
obt
ain
ed
pri
nci
pal
ly
as
a b
y—p
rod
uct
of
zin
c m
ini
ng
(Ly
mbu
rne
r,
197
4).
The
pro
per
tie
s o
f c
adm
ium
mak
e i
t i
mpo
rta
nt
in
ele
ctr
opl
ati
ng,
in
sol
der
s,
as
a p
igm
ent
, a
s a
cat
aly
st,
in
pho
tog
rap
hy,
lit
hog
rap
hy
and
the
ele
ctr
oni
cs
ind
ust
ry,
and
in
the
man
ufa
ctu
rin
g o
f g
las
s,
all
oys
,
bio
cid
es,
lub
ric
ant
s a
nd
sto
rag
e b
att
eri
es
(Ly
mbu
rne
r,
197
4,
Che
rem
isi
nof
f a
nd
Hab
ib,
197
2).
In
the
Gre
at
Lak
es
Bas
in,
cad
miu
m i
s a
by—
pro
duc
t
of
zin
c r
efi
nin
g
in
Por
t M
ait
lan
d,
Ont
ari
o a
nd
cad
miu
m—c
ont
ain
ing
ore
s a
re
min
ed
in
the
Lak
e
Sup
eri
or
reg
ion
(Ly
mbu
rne
r,
197
4).
The
re
is
con
sid
era
ble
use
ass
oci
ate
d
wit
h
the
aut
omo
tiv
e
and
met
all
urg
ica
l
ind
ust
rie
s
of
the
low
er
Gre
at
Lak
es
reg
ion
.
The
ref
ore
,
cad
miu
m m
ay
ent
er
Gre
at
Lak
es
wat
ers
as
a
res
ult
of
the
se
pro
ces
ses
.
Add
iti
ona
l i
npu
ts
are
der
ive
d f
rom
the
wea
the
rin
g
of
roc
ks
and
the
fal
lou
t
fro
m a
irb
orn
e
cad
miu
m o
rig
ina
tin
g
in
fos
sil
fue
ls.
In
wat
er,
cad
miu
m m
ay
be
com
ple
xed
wit
h s
olu
ble
ino
rga
nic
or
org
ani
c
mat
eri
als
as
wel
l
as
ads
orb
ed
to
par
tic
ula
te
mat
ter
.
Hem
(19
72)
der
ive
d
the
ore
tic
al
lim
iti
ng
equ
ili
bri
um
sol
ubi
lit
ies
for
the
car
bon
ate
and
hyd
rox
ide
com
ple
xes
of
cad
miu
m i
n s
pec
ifi
c w
ate
rs.
He
fou
nd
tha
t c
adm
ium
con
cen
tra
tio
ns
in
sur
fac
e
wat
ers
of
the
Uni
ted
Sta
tes
,
as
rep
ort
ed
by
va
ri
ou
s
au
th
or
s,
we
re
mu
ch
lo
we
r
th
an
th
e
ma
xi
mu
m
pe
rm
it
te
d
by
th
e
sol
ubi
lit
y
pro
duc
t
of
the
car
bon
ate
,
the
lea
st
sol
ubl
e
sal
t.
He
att
rib
ute
d
the
dif
fer
enc
e
to
the
act
ion
of
oth
er
com
ple
xin
g a
nd
ads
orb
ing
mat
eri
als
.
Hah
ne
and
Kro
ont
je
(19
73)
als
o
sho
wed
the
ore
tic
all
y
tha
t,
at
hig
h
pH'
s
or
chl
ori
de
con
cen
tra
tio
ns,
a h
igh
prO
por
tio
n
of
cad
miu
m
was
mob
ili
zed
as
hyd
rox
y o
r c
hlo
rid
e c
omp
lex
es.
How
eve
r,
the
ir
dat
a s
how
tha
t a
t p
H
7—8
and
at
lor
ide
con
cen
tra
tio
ns
of
35
mg/
l,
the
bul
k
of
cad
miu
m
wou
ld
occ
ur
as
Cd
.
Usi
ng
a
cad
miu
m
spe
cif
ic
ion
ele
ctr
ode
,
Gar
din
er
(19
74a
)
mea
sur
ed
the
deg
ree
of
c0m
ple
xat
ion
of
cad
miu
m
in
syn
the
tic
sol
uti
ons
and
nat
ura
l
riv
er
wat
ers
con
tai
nin
g
var
yin
g
amo
unt
s
of
car
bon
ate
,
sew
age
eff
lue
nt
and
hum
ic
aci
ds.
He
fou
nd
tha
t
a
lar
ge
pre
por
tio
n
of
cad
miu
m
occ
urr
ed
as
Cd+
+
alt
hou
gh
the
amo
unt
dec
rea
sed
wit
h
inc
rea
sin
g
pH,
sew
age
eff
lue
nt
con
cen
tra
tio
n
or
hum
ic
aci
d
con
cen
tra
tio
n.
Hum
ic
sub
sta
nce
s
acc
oun
ted
for
mos
t
of
the
com
ple
xat
ion
.
In
nat
ura
l
wat
ers
,
Gar
din
er
(19
74a
)
fOu
nd
tha
t,
of
1,0
00
ug/
l a
dde
d c
adm
ium
,
29-
89%
occ
urr
ed
as
Cd+
+,
and
the
pro
por
tio
n
was
gen
era
lly
in
exc
ess
of
50%
.
Sus
pen
ded
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solids originating from bottom muds will also adsorb cadmium (Gardiner,
1974b). The degree of adsorption depended on the type of solid, state of
subdivision, concentration of metal ion, time of contact and concentration
of other complexing ligands. Humic materials again appeared to be the
major component of mud that is important. Gardiner (1974b) however, after
these laboratory studies, was unable to satisfactorily explain the high
proportion of measured free cadmium after adding cadmium to the effluent
from a percolating filter. In a study of two streams in Tennessee,
Perhac (1972) measured the metal content of coarse particulate suspended
solids (Svedberg coefficient* (S) > 20000), in colloidal particulate
suspended solids (100 < S <20000) and in dissolved solids. The mean
cadmium concentrations in these fractions were 18, 519 and 12 ug/gm
respectively. While the greatest concentration of cadmium was in Colloidal
solids, this represented the smallest proportion of heavy metal in water
because colloids occurred only in trace amounts. The highest proportion
of cadmium (2982) occurred in the dissolved solids. Presumably these
materials would include humic acids, carbonates, chlorides, etc. Total
cadm
ium
in t
hese
wate
rs r
ange
d fr
om 2
—3 U
g/l.
Ther
efor
e,
asse
ssme
nt o
f
the
impa
ct o
f ca
dmiu
m in
wate
r wi
ll p
roba
bly
be m
ost
conc
erne
d wi
th f
ree
cadmium and soluble complexes.
Cad
miu
m c
onc
ent
rat
ion
s i
n t
he
Upp
er
Gre
at
Lak
es
are
alm
ost
alw
ays
les
s
tha
n 0
.2
ug/
l o
ffs
hor
e (
Tab
le 4
).
In
Lak
e S
upe
rio
r a
sma
ll
pro
por
tio
n o
f
con
cen
tra
tio
ns
are
bet
wee
n 0
.2
and
0.6
ug/l
.
In
Lak
e E
rie
, c
onc
ent
rat
ion
s
of
cad
miu
m i
n o
ffs
hor
e f
ilt
ere
d w
ate
r n
eve
r e
xce
ede
d 1
ug/
l,
the
det
ect
ion
lim
it
at
tha
t t
ime
(Ch
awl
a a
nd
Cha
u,
196
9;
MWR
C,
197
2)
but
in
a w
ate
r
int
ake
at
Buf
fal
o,
con
cen
tra
tio
ns
ran
ged
as
hig
h
as
12
ug/
l
and
the
mea
n
was
7 U
g/l
(Ta
ble
5).
In
Lak
e M
ich
iga
n,
con
cen
tra
tio
ns
nev
er
exc
eed
ed
1 u
g/l
in
19
70
al
th
ou
gh
so
me
tr
ib
ut
ar
ie
s
we
re
sl
ig
ht
ly
hi
gh
er
(MW
RC,
197
2).
In
a
19
74
su
rv
ey
of
Am
er
ic
an
ne
ar
sh
or
e
wa
te
rs
,
ca
dm
iu
m
wa
s
al
wa
ys
les
s
th
an
2
ug
/l
(d
et
ec
ti
on
li
mi
t)
in
La
ke
Su
pe
ri
or
an
d
La
ke
Hu
ro
n
(MW
RC,
19
75
).
Ca
dm
iu
m
is
ex
tr
em
el
y
to
xi
c
to
ma
mm
al
s.
Ac
ut
e
to
xi
ci
ty
to
hu
ma
ns
in
cl
ud
es
se
ve
re
na
us
ea
,
sa
li
va
ti
on
,
vo
mi
ti
ng
,
di
ar
rh
ea
,
ab
do
mi
na
l
pa
in
s
an
d
my
al
gi
a.
Li
ve
r
an
d/
or
ki
dn
ey
da
ma
ge
ma
y
fo
ll
ow
ac
ut
e
po
is
on
in
g
an
d
re
sp
ir
at
or
y
di
st
re
ss
ma
y
al
so
oc
cu
r
(F
li
ck
et
_§
};
J
19
71
).
Ch
ro
ni
c
to
xi
ci
ty
in
cl
ud
esd
am
ag
e
to
li
ve
r,
ki
dn
ey
,
he
ma
to
po
ie
ti
c
ti
ss
ue
an
d
th
e
re
sp
ir
at
or
y
tr
ac
t
(F
li
ck
§t
_a
l;
,
19
71
).
Ca
dm
iu
m
ha
s
be
en
im
pl
ic
at
ed
in
bo
ne
de
ge
ne
ra
ti
on
in
Ja
pa
n
al
th
ou
gh
th
es
e
fi
nd
in
gs
ar
e
co
nt
ro
ve
rs
ia
l
(D
r.
E.
Sa
nd
i,
pe
rs
on
al
co
mm
un
ic
at
io
n)
.
Ep
id
em
io
lo
gi
ca
l
an
d
ex
pe
ri
me
nt
al
ev
id
en
ce
Su
gg
es
ts
th
at
ca
dm
iu
m
ma
y
al
so
ca
us
e
hy
pe
rt
en
si
on
.
In
ex
pe
ri
me
nt
al
an
im
al
s
ca
dm
iu
m
ca
us
es
te
st
ic
ul
ar
da
ma
ge
,
ki
dn
ey
da
ma
ge
,
in
cr
ea
se
d
in
ci
de
nc
e
of
tu
mo
ur
s
an
d
re
du
ce
d
gr
ow
th
(F
li
ck
et
al
.,
19
71
).
Th
e
bi
oc
he
mi
ca
l
ba
se
s
fo
r
th
es
e
ef
fe
ct
s
ma
y
be
th
e
in
te
ra
ct
io
n
of
ca
dm
iu
m
wi
th
th
io
l
gr
ou
ps
of
en
zy
me
s
or
wi
th
ph
os
ph
at
i-
dy
le
th
an
ol
am
in
e
an
d
ph
os
ph
at
id
yl
se
ri
ne
mo
no
la
ye
rs
(V
al
le
e
an
d
Ul
me
r,
19
72
).
As
a
re
su
lt
,
ma
ny
en
zy
ma
ti
c
re
ac
ti
on
s
ar
e
in
hi
bi
te
d
by
ca
dm
iu
m,
an
d
to
xi
c
ef
fe
ct
s
oc
cu
r
in
mi
to
ch
on
dr
ia
,
ki
dn
ey
tu
bu
le
s
an
d
ne
rv
e
me
mb
ra
ne
s
(V
al
le
e
an
d
Ul
me
r,
19
72
).
Th
e
da
il
y
up
ta
ke
of
ca
dm
iu
m
by
an
ad
ul
t
hu
ma
n
fr
om
dr
in
ki
ng
wa
te
r
ha
s
be
en
es
ti
ma
te
d
as
15
pg
,
as
co
mp
ar
ed
to
20
0
Hg
in
fo
od
an
d
1
pg
in
ai
r
(N
il
ss
on
,
19
70
).
Of
th
e
to
ta
l
ca
dm
iu
m
ta
ke
n
in
,
*
S
ve
d
b
e
r
g
c
o
e
f
f
i
c
i
e
n
t
is
a
n
um
e
r
i
c
a
l
va
l
ue
re
la
te
d
to
th
e
se
tt
li
ng
ve
l
o
c
i
t
y
of a spherical particle.
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only
l~2X
is retained
and the rest
is excreted
in faeces and urine.
To
limit
intake
from water
to
200
ug/day,
a
drinking
water
limit
of
10
ug/l
cadmium
has
been
recommended
(NAS/NAE,
1974).
In
Canada,
the
maximum
permissible
concentration
of
cadmium
in
drinking
water
is
10
ug/l
while
the acceptable
concentration
is
less
than
10
ug/l
(DNHN.
1969).
A
recommendation of 50 ng/l is given to protect
livestock
(NAS/NAE,
1973).
Cadmium is not a nutrient
for plants and is claSHified as highly
toxic by Bowen (1966),
(toxic at concentrations
less than
1,000 ug/l
in the
nutrient
solution).
Since
crop
growths may
be
reduced
at
concentrations
as
low as 10 ug/l,
recommendations for irrigation water
are 10 ug/l
for
continuous
use
on
all
soils
and
50
ug/l
on
neutral
and
alkaline
fine
textured
soils
for
a
20—year
period
(NAS/NAE,
1973).
Low
concentrations
of
cadmium
are
harmful
to
algae.
Growth
of
Scenedesmus
quadricauda_in
the
laboratory
was
significantly
inhibited
at
concentrations
as
low as
6 ug/l
(Klass
at al.,
1974).
_§e1enastrum
capricorputum
is
somewhat
less
sensitive
since
80
ug/l
caused
complete
growth
inhibition
while
50
pg/l
caused
a
slight
inhibition
(Bartlett
or
31.,
1974).
In a comparative study,
Burnison et a1.
(1975)
found
that
thw
concentrations of cadmium in Lake Ontario water causing 70% inhibition or
primary
productivity
of
Scenedesmus
quadricauda,
Chlorella
pyrenoidofa,
Ankistrodesmus
falcatus
and
Chlorella
vulgaristere
20,
100,
1,000
and
1.000
ug/l respectively.
A macrophyte,
Najas guadulepensis. was
also affected
by
cadmium.
Severe
effects
were
observed
at
90
pg/l
while
7
pg/l
caused
reduced
chlorophyll,
turgor
and
stolon
development
(Cearley
and
Coleman.
1973).
  
The
acute
toxicity
of
cadmium
to
zooplankton
varies
considerably
with
the
species
tested.
In
water
from
Lake
Monate,
the
48—hour
LCSo's
for
Cyclops abyssorum prealpinus, Eudiaptomus padanus
padanus and Daphnia
hyalina
were
3,800,
550
and
55
ug/l
respectively
(Baudouin
and
Scoppa.
'1974).
The
48—hour
L050
for
Qaphnia
magma
in
Lake
Superior
water
was
65
ug/l
(Biesinger
and
Christensen,
1972),
a
value
close
to
that
of
Qaphnia
hyalina.
The
3-week
LC50
for
Daphnia
magna
was
5
ug/l
while
0.17
ug/l
caused
16%
impairment
of
reproduction
(Biesinger
and
Christensen,
1972).
The
96—hour
LCso
of
the
freshwater
shrimp
Paratya
tasmaniensis
at
10
mg/l
hardness
was
60
ug/l
(Thorp
and
Lake,
1974).
A
96-hour
exposure
of
these
shrimp
to
30 ug/l
cadmium
caused
a change
in
the
ultrastructure
of
the
gills
(Lake and Thorp, 1974).
 
Aquatic
insects
are
less
sensitive
than
zooplankton.
At
a
hardness
of
44
mg/l,
the
96—hour
Lcso's
of
cadmium
for
Acroneuria
lyggrias
(stonefly),
Ephemerella
subvaria
(mayfly)
and
Hydropsyche
betteni
(caddisfly)
were
>32,000,
2,000.and
>32,000
ug/l
respectively
(Warnick
and
Bell,
1969).
At
50
mg/l
hardness,
the
96-hour
Lcso's
of
a
caddisfly,
a
damsel
fly,
and
a
midge
(Chironomus
sp.)
were
3,400,
8,100,
and
1,200
pg/l
respectively
(Rehwoldt
et_al;,
1973).
The
species
of
caddisfly
was
unidentified
and
appeared
10
times
more
sensitive
than
that
tested
by
Warnick
and
Bell
(1969).
The
96-
82
 
  
hour
LCso's
of
a
caddisfly,
a
damsel
fly
and
a
mryfly
of
Tasmania
in
water
of
10
mg/l
hardness
was
2,000,
250,000
and
840
ug/l
respectively
(Thorp
and
Lake,
1974).
Amphipods
are
much more
sensitive
since
the
96-hour
LC50
of Australochiltonia
subtennis
was
40
ug/l
(Thorp
and
Lake,
1974),
while
that
of
a
scud
(Gammarus
sp.)
was
70
ug/l
(Rehwoldt
et_a1.,
1973).
The
96—hour
Lcso‘s
for
a
gastropod
snail
were
3,800
ug/l
for
eggs
and
8,400 ug/l for adults
(Rehwoldt_e£_a1.,
1973).
In contrast, the snail
Helisoma
sp.
had
a
14—day
LC50
of
50
ug/l,
and
20
ug/l reduced
rates
of
survival and hatching of eggs
(Heidel and McLaughlin,
1973).
No effect was
observed at 10 ug/l cadmium.
Another benthic organism, the bristle worm
(Nais sp.)
had a 96-hour LC50 of 1,700 ug/l
(Rehwoldt et_al.,
1973), while
that for the rotifer Philodina sp. was about 100 ug/l
(Sullivan e£_al., 1973).
Tetrahymena pyriformis, a protozoan, showed a growth depression at 15,000
ug/l cadmium and slower swimming at 1,000 ug/l
(Bergquist and Bovee, 1973).
The acute toxicity of cadmium to fish varies
with species and the
time of exposure. The 96-hour LC50 for fathead minnows (Pimephales
promelas) at 200 mg/l hardness was 4,500 ug/l while the 8—day LCso was
450 ug/l (Pickering and Cast, 1972). Similarily, the 96—hour LC50
for rainbow trout in hard water (290 mg/l) was about 2,000 Ug/l while the
7-day LC50 was 8—10 ug/l (Ball, 1967). Kumada gt a1. (1972) observed a
similar 10-day LCso for rainbow trout of 5—7 ug/l cadmium. The 96-hour
LC50'S for bluegills (Legomis macrochirus), Florida flagfish (Jordanella
floridae, dace (Triborodon hakonensis) and striped bass (Morone saxatilis)
were 17,200—24,200, 2,500, 56—100, and 2 Ug/l respecitvely (Eaton, 1974;
Spehar, unpubl. man.; Kumada e£_31., 1972; and Hughes, 1973).
  
The sublethal effects of cadmium on fish include lingering mortality
and inhibition of reproduction. In hard water (200 mg/l) 57 ug/l of cadmium
decreased the survival of fathead minnow larvae, the most sensitive stage.
No effect was observed at 37 ug/l (Pickering and Cast, 1972). At a hardness
of 120 mg/l, a mixture of cadmium, zinc and copper reduced the spawning of
fathead minnows when the concentrations were 7.1, 42.3 and 6.7 ug/l
respectively (Eaton, 1973). No effect was seen when the concentrations of
cadmium, zinc and copper were 3.9, 27.3 and 5.3 ug/l respectively. It is
not known whether the apparent increase in toxicity of cadmium is due to a
change of water hardness or to the presence of the other metals. Since the
toxic effects (larval mortality and reduced spawning) differed, it was
probably the effect of the other metals.
Eaton (1974) showed that, at a hardness of 200 mg/l, bluegill survived
and spawned successfully at 31 ug/l cadmium. Lingering mortality of adults
occurred at 80 ug/l and bluegill appear as sensitive as fathead minnows
at this hardness. In water of 180 mg/l hardness, Cearley and Coleman (1974)
found that bluegill survival was not affected at 80 ug/l cadmium but 100%
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mo
rt
al
it
y
oc
cu
rr
ed
at
85
0
ug
/l
af
te
r
5
mo
nt
hs
.
Th
e
pr
in
ci
pa
l
di
ff
er
en
ce
be
tw
ee
n
Ea
to
n'
s
(1
97
4)
st
ud
y
an
d
th
at
of
Ce
ar
le
y
an
d
Co
le
ma
n
(1
97
4)
is
th
at
th
e
la
tt
er
us
ed
wa
te
r
of
lo
w
al
ka
li
ni
ty
(4
9
mg
/l
)
co
mp
ar
ed
to
th
e
fo
rm
er
(1
52
mg
/l
).
In
ad
di
ti
on
th
e
ch
lo
ri
de
co
nt
en
t
of
th
e
wa
te
r
us
ed
by
Ce
ar
le
y
an
d
Co
le
ma
n
(1
97
4)
wa
s
19
3
mg
/l
.
La
rg
em
ou
th
ba
ss
(M
ic
ro
pt
er
us
sa
lm
oi
de
s)
we
re
mo
re
se
ns
it
iv
e
th
an
bl
ue
gi
ll
s.
Si
gn
if
ic
an
t
mo
rt
al
it
y
oc
cu
rr
ed
at
co
nc
en
tr
at
io
ns
of
80
ug
/l
ca
dm
iu
m
an
d
be
ha
vi
ou
r
wa
s
af
fe
ct
ed
at
8
ug
/l
(Cearley and Coleman, 1974).
Su
rv
iv
al
of
fl
ag
fi
sh
la
rv
ae
in
wa
te
r
of
44
mg
/l
ha
rd
ne
ss
wa
s
af
fe
ct
ed
at
8
ug
/l
ca
dm
iu
m
an
d
wa
s
no
rm
al
at
4
Ug
/l
.
Wh
en
th
e
em
br
yo
s
we
re
ex
po
se
d
to
ca
dm
iu
m
be
fo
re
ha
tc
hi
ng
,
th
e
ha
tc
he
d
la
rv
ae
we
re
le
ss
se
ns
it
iv
e
to
cadmium (Spehar, Unpub. man.).
Th
e
re
pr
od
uc
ti
ve
ph
ys
io
lo
gy
of
br
oo
k
tr
ou
t
(S
al
ve
li
nu
s
fo
nt
in
al
is
)
is
al
so
af
fe
ct
ed
by
ca
dm
iu
m.
Ex
po
su
re
s
to
25
pg
/l
fo
r
24
ho
ur
s
or
10
ug
/l
fo
r
21
da
ys
at
20
mg
/l
ha
rd
ne
ss
ca
us
ed
ex
te
ns
iv
e
he
mo
rh
ag
ic
ne
cr
os
is
of
th
e
te
st
es
of
ma
le
tr
ou
t
(S
an
ga
la
ng
an
d
O'
Ha
ll
or
an
,
19
72
,
19
73
).
Af
te
r
ab
ou
t
4
mo
nt
hs
ex
po
su
re
,
1
ug
/l
ca
dm
iu
m
ca
us
ed
ch
an
ge
s
in
te
st
os
te
ro
ne
an
d
ll
-k
et
ot
es
to
st
er
on
e
me
ta
bo
li
sm
of
ma
le
fi
sh
.
Th
er
e
wa
s
no
ef
fe
ct
on
se
co
nd
ar
y
se
xu
al
ch
ar
ac
te
ri
st
ic
s
an
d
sp
er
ma
to
ge
ne
si
s,
bu
t
te
st
es
re
gr
es
se
d
at
le
as
t
2
we
ek
s
ea
rl
ie
r
th
an
co
nt
ro
ls
(S
an
ga
la
ng
an
d
Fr
ee
ma
n,
19
74
).
Br
oo
k
tr
ou
t
al
ev
in
s
sh
ow
ed
a
de
cr
ea
se
d
we
t
we
ig
ht
,
in
cr
ea
se
d
pr
ot
ei
n
co
nt
en
t
an
d
in
cr
ea
se
d
ac
et
yl
ch
ol
in
es
te
ra
se
ac
ti
vi
ty
at
0.
70
ug
/l
ca
dm
iu
m
in
wa
te
r
of
45
mg
/l
ha
rd
ne
ss
(C
hr
is
te
ns
en
,
19
75
).
Th
es
e
re
su
lt
s
co
rr
es
po
nd
fa
ir
ly
we
ll
wi
th
th
e
ef
fe
ct
s
of
ca
dm
iu
m
on
re
pr
od
uc
ti
on
an
d
su
rv
iv
al
of
br
oo
k
tr
ou
t
me
as
ur
ed
by
Be
no
it
et
_a
l.
(1
97
5)
.
Su
rv
iv
al
of
ad
ul
t
ma
le
s
du
ri
ng
sp
aw
ni
ng
an
d
gr
ow
th
of
ju
ve
ni
le
s
we
re
re
du
ce
d
at
3.
4
ug
/l
wh
il
e
no
ad
ve
rs
e
ef
fe
ct
s
we
re
noted at 1.7 ug/l cadmium.
 
Ca
dm
iu
m
up
to
10
0,
00
0
ug
/k
g
in
th
e
fo
od
of
fi
sh
wa
s
no
t
to
xi
c
to
‘
ra
in
bo
w
tr
ou
t
or
da
ce
af
te
r
18
we
ek
s
ex
po
su
re
(K
um
ad
a
g£
_a
l,
,
19
72
).
E
Ca
dm
iu
m
re
si
du
es
in
fi
sh
ar
e
fa
ir
ly
un
if
or
m.
Lo
ve
tt
g£
_a
l,
(1
97
2)
me
as
ur
ed
ca
dm
iu
m
co
nc
en
tr
at
io
ns
in
dr
es
se
d
fi
sh
fr
om
La
ke
Er
ie
,
La
ke
On
ta
ri
o
an
d
th
e
St
.
La
wr
en
ce
Ri
ve
r.
Co
nc
en
tr
at
io
ns
we
re
ge
ne
ra
ll
y
be
tw
ee
n
10
an
d
30
ug
/k
g
al
th
ou
gh
a
fe
w
ha
d
le
ss
th
an
10
ug
/k
g
(t
he
de
te
ct
io
n
li
mi
t)
an
d
Gi
zz
ar
d
sh
ad
fr
om
La
ke
Er
ie
ha
d
72
ug
/k
g.
In
an
ot
he
r
su
rv
ey
of
dr
es
se
d
fi
sh
,
fr
om
La
ke
s
Er
ie
an
d
On
ta
ri
o,
ca
dm
iu
m
co
nc
en
tr
at
io
ns
we
re
un
if
or
ml
y
le
ss
th
an
50
ug
/k
g,
th
e
de
te
ct
io
n
li
mi
t,
wi
th
on
e
ex
ce
pt
io
n
—
60
ug
/k
g
in
ra
in
bo
w
sm
el
t
fr
om
La
ke
Er
ie
(U
th
e
an
d
Bl
ig
h,
19
71
).
Us
in
g
ne
ut
ro
n
ac
ti
va
ti
on
,
Lu
ca
s
g£
_a
l,
(1
97
0)
me
as
ur
ed
ca
dm
iu
m
co
nc
en
tr
at
io
ns
of
62
-1
40
ug
/k
g
in
wh
ol
e
fi
sh
fr
om
La
ke
Er
ie
,
Mi
ch
ig
an
an
d
Su
pe
ri
or
.
In
fi
sh
li
ve
rs
,
co
nc
en
tr
at
io
ns
ra
ng
ed
fr
om
60
to
1,
40
0
ug
/k
g
wi
th
mo
st
va
lu
es
ar
ou
nd4
00
ug
/k
g.
Th
is
su
gg
es
ts
th
at
th
e
li
ve
r-
co
nc
en
tr
at
es
ca
dm
iu
m.
In
La
ke
Mi
ch
ig
an
,
fi
sh
(p
re
su
ma
bl
y
wh
ol
e)
co
nt
ai
ne
d
10
0-
30
0
ug
/k
g
ca
dm
iu
m
an
d
th
er
e
wa
s
no
va
ri
at
io
n
wi
th
fe
ed
in
g
ha
bi
ts
of the fish (MWRC 1972).
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In
experimental
systems,
bass
and
bluegills
had
total
body
accumulations
of
8-15
and
6-20
times
the
concentration
in
water,
depending
on
that
concentration
(Cearley
and
Coleman,
1974).
Uptake
and
concentration
in
tissues
levelled
off
within
2 months
and
the
greatest
aCCumulation
occurred
in internal
organs.
Kumada gt 31.
(1972)
found
that
cadmium concentrations
in rainbow
trout
exposed
to
cadmium
in
water
reached
a
plateau in
10—20
weeks
and
maximum
concentrations
were
found
in
the kidneys.
Concentrations
in whole fish were
about 10-80 ug/kg in control fish and increased only at
cadmium concentrations above 1 ug/l.
Concentrations in whole fish reached
a maximum of 960 ug/kg after 30 weeks in 4.8 ug/l and declined to 440 ug/kg
after 10 weeks in clean water.
Similar increases in cadmium content were
seen in rainbow trout and dace fed food containing up
to 100,000 ug/kg of
cadmium.
Concentrations in whole trout fed this concentration reached
1,600 ug/kg after 12 weeks and declined dramatically to 70 ug/kg after 6
weeks on a clean diet (Kumada_et.al., 1972).
The dramatic decrease was seen
at all concentrations and indicates that cadmium taken in with the food is
cleared faster than cadmium taken in from water.
This could be illusory if
the gills of fish exposed to cadmium in water contain high concentrations
that are slowly released to the rest of the body after transferral to clean
water.
White catfish (Ictalurus catus) given an intragastric dose of radioactive
cadmium regurgitated 39-56% of the dose (Rowe and Massaro, 1974). Within one
hour, 75% of the cadmium in the body was contained within the GI tract and
23% was in the gills. The fact that 2% was in the skin suggests that the
gill load may have beenpicked up from the water after regurgitation. Over
a period of 21 days, cadmium gradually moved down the intestine and con—
centrations gradually increased in both the liver and kidneys. By day 21,
34% of the cadmium was in the kidneys, 5% in the liver, about 56% still
remained in the intestine and the rest was spread among other organs at low
concentrations. Therefore, the total transfer from cadmium in the gut to
other organs appears rather low.
Despite accumulation of cadmium, there is little evidence for
bioconcentration up food chains. Mathis and Cummings (1973) found that
mean concentrations of cadmium in Illinois River bottom sediments, worms,
clams, omnivorous fish, carnivorous fish and water were about 2,000ug/kg,
1,100 ug/kg, 600 ug/kg, 3O ug/kg and 0.6 ug/l respecitvely. Similarily,
in eutrophic Wintergreen Lake, the concentrations of cadmium in bottom
sediments, zooplankton, aquatic macrophytes, fish and water were 1,100 ug/kg,
500 Ug/kg, 200 ug/kg, 40 ug/kg, and 0.9 ug/l respectively (Mathis and
Kevern, 1975). Surprisingly, faeces from large flocks of migrating Canada
geese contained up to 600 ug/kg cadmium.
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A f
ood
cha
in
mod
el
has
bee
n d
eve
lop
ed
tha
t p
red
ict
s c
adm
ium
wil
l
bio
con
cen
tra
te
in
Wes
ter
n L
ake
Eri
e f
ood
cha
ins
(Th
oma
nn
gt
31.
, 1
974
).
The
mod
el
may
not
be
use
ful
sin
ce
dat
a
on
all
tro
phi
c l
eve
ls
bel
ow
fis
h
are
ina
deq
uat
e.
How
eve
r,
fut
ure
use
of
suc
h m
ode
ls,
bas
ed
on
ade
qua
te
dat
a,
may
giv
e a
cle
are
r i
ndi
cat
ion
of
the
pot
ent
ial
for
bio
con
cen
tra
tio
n.
The
ref
ore
, b
eca
use
of
the
ext
rem
e
sen
sit
ivi
ty
to
cad
miu
m o
f
tro
ut
and
zoo
pla
nkt
on
rep
rod
uct
ion
,
an
obj
ect
ive
for
cad
miu
m i
n t
he
Gre
at
Lak
es
of 0.2 Ug/l is recommended.
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e
p
r
o
d
.
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3
9
4
-
4
0
3
.
S
p
e
h
a
r
,
R
.
L
.
C
a
d
m
i
u
m
a
n
d
z
i
n
c
t
o
x
i
c
i
t
y
t
o
J
o
r
d
a
n
e
l
l
a
f
l
o
r
i
d
a
e
(
G
o
o
d
e
a
n
d
B
e
a
n
)
.
U
n
p
u
b
l
i
s
h
e
d
m
a
n
u
s
c
r
i
p
t
.
S
u
l
l
i
v
a
n
,
G
.
W
.
,
A
.
L
.
B
u
i
k
e
m
a
a
n
d
J
.
C
a
i
r
n
s
,
J
r
.
1
9
7
3
.
A
c
u
t
e
b
i
o
a
s
s
a
y
s
f
o
r
t
h
e
a
s
s
e
s
s
m
e
n
t
o
f
h
e
a
v
y
m
e
t
a
l
p
o
l
l
u
t
i
o
n
u
s
i
n
g
t
h
e
f
r
e
s
h
w
a
t
e
r
l
i
t
t
o
r
a
l
r
o
t
i
f
e
r
P
h
i
l
o
d
i
n
a
s
p
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V
a
.
J
.
S
c
i
.
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.
D
.
J
.
O
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C
o
n
n
o
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.
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9
7
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T
h
o
m
a
n
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R
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V
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S
.
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z
u
m
s
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D
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M
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n
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s
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r
n
L
a
k
e
E
r
i
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.
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 T
h
o
r
p
,
V
.
J.
a
n
d
P
.
S.
L
a
k
e
,
1
9
7
4
.
T
o
x
i
c
i
t
y
b
i
o
a
s
s
a
v
s
o
f
c
a
d
m
i
u
m
o
n
s
e
l
e
c
t
e
d
f
r
e
s
h
w
a
t
e
r
i
n
v
e
r
t
e
b
r
a
t
e
s
a
n
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h
e
i
n
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r
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z
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f
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k
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s
t
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r
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F
r
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s
h
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.
R
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s
.
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9
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F
.
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G
.
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9
7
1
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h
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n
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r
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r
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s
h
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J
.
F
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s
h
.
R
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s
.
B
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r
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C
a
n
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:
7
8
6
—
7
8
8
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V
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l
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e
,
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L
.
a
n
d
D.
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U
l
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r
,
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9
7
2
.
B
i
o
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h
e
m
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c
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l
e
f
f
e
c
t
s
o
f
m
e
r
c
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r
y
,
c
a
d
m
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u
m
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d
l
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d
“
A
n
n
.
R
e
v
.
B
i
o
c
h
e
m
.
4
1
;
9
1
—
1
2
8
.
W
a
r
n
i
c
k
,
S.
L.
a
n
d
H
.
L.
B
e
l
l
,
1
9
6
9
.
T
h
e
a
c
u
t
e
t
o
x
i
c
i
t
y
o
f
s
o
m
e
h
e
a
v
y
m
e
t
a
l
s
t
o
d
i
f
f
e
r
e
n
t
s
p
e
c
i
e
s
o
f
a
q
u
a
t
i
c
i
n
s
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c
t
s
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W
a
t
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P
o
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l
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F
e
d
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2
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—
2
8
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CHROMIUM
RECOMMENDATION
It is recommended that the following new objective for chromium be
adopted:
Concentrations of total chromium in an unfiltered water sample should
not exceed 50 micrograms per litre to protect raw waters for public
water supplies.
RATIONALE
Chromium as Cr(VI) can enter aquatic ecosystems from the production
and use of explosives, paper, dyes, paints, plated materials and tanning.
As Cr(III), chromium is present in glass, ceramics, photography processes
and textile dying mordants (Cheremisinoff and Habib, 1972). Up to 1,700
mg/l of chromium as dichromate, are also added to cooling tower waters
to p
reve
nt c
orro
sion
and
this
amou
nt i
s di
scha
rged
dire
ctly
to w
ater
cour
ses
(She
pher
d an
d Jo
nes,
1971
).
Chro
mium
occu
rs a
t ve
ry l
ow c
once
n—
tra
tio
ns
in
Gre
at
Lak
es
wat
ers
.
Off
sho
re,
the
ave
rag
e r
eco
rde
d c
onc
ent
rat
ion
s
are
les
s t
han
0.2
ug/
l,
the
det
ect
ion
lim
it,
and
95%
of
sam
ple
s c
ont
ain
les
s t
han
0.6
ug/
l (
Tab
le4
).
At
wat
er
int
ake
s,
ave
rag
e c
onc
ent
rat
ion
s
are
sho
wn
to
be
les
s t
han
10
pg/
l a
nd
max
ima
les
s t
han
20
ug/
l (
Tab
le
3).
How
eve
r,
con
cen
tra
tio
ns
of
chr
omi
um
in
wat
er
int
ake
s i
n t
he
St.
Law
ren
ce
Riv
er
app
ear
muc
h
hig
her
,
(Ta
ble
5 )
.
Sin
ce
Cr
(II
I)
is
pro
bab
ly
com
ple
xed
as
an
ins
olu
ble
hyd
rat
ed
oxi
de
abo
ve
pH
5
(NA
S/N
AE,
197
3),
mos
t
dis
sol
ved
chr
omi
um
in
Gre
at
Lak
es
wat
ers
is
pro
bab
ly
in
the
Cr(
VI)
val
enc
e
sta
te.
How
eve
r,
Sch
roe
der
and
Lee
(19
75)
hav
e
cle
arl
y
dem
ons
tra
ted
tha
t
Cr(
III
)
add
ed
to
nat
ura
l
lak
e w
ate
rs
is
con
ver
ted
ver
y
slo
wly
to
Cr(
VI)
and
tha
t
the
con
ver
sio
n
is
slo
wer
at
low
tem
per
atu
res
.
Con
seq
uen
tly
,
si
gn
if
ic
an
t
co
nc
en
tr
at
io
ns
of
Cr
(I
II
)
co
ul
d
ex
is
t
in
la
ke
wa
te
r
fo
r
ma
ny
day
s.
Cr(
VI)
can
pot
ent
ial
ly
be
red
uce
d
by
H23
at
the
int
erf
ace
of
ae
ro
bi
c
an
d
an
ae
ro
bi
c
wa
te
rs
(S
ch
ro
de
r
an
d
Le
e,
19
75
).
Ho
we
ve
r,
in
ae
ro
bi
c
la
ke
wa
te
rs
Cr
(V
I)
is
no
t
re
du
ce
d
an
d
is
re
mo
ve
d
pr
in
ci
pa
ll
y
by
ph
ys
ic
al
pr
oc
es
se
s.
Fo
r
ex
am
pl
e,
Cr
(V
I)
is
so
rb
ed
ef
fe
ct
iv
el
y
by
Fe
(O
H)
3.
Th
e
re
su
lt
is
a
si
gn
if
ic
an
t
po
si
ti
ve
,
li
ne
ar
co
rr
el
at
io
n
of
ch
ro
mi
um
wit
h i
ron
in
lak
e s
edi
men
ts
(Sc
hro
der
and
Lee
,
197
5).
Ch
ro
mi
um
at
lo
w
co
nc
en
tr
at
io
ns
ma
y
be
a
nu
tr
ie
nt
fo
r
pl
an
ts
an
d
an
im
al
s.
Al
th
ou
gh
no
t
pr
ov
en
to
be
es
se
nt
ia
ly
fo
r
pl
an
ts
,
lo
w
co
nc
en
—
tr
at
io
ns
in
so
il
an
d
wa
te
r
ap
pe
ar
to
st
im
ul
at
e
gr
ow
th
of
te
rr
es
tr
ia
l
an
d
aq
ua
ti
c
sp
ec
ie
s
(N
RC
US
,
19
74
).
In
ma
mm
al
s,
ch
ro
mi
um
in
te
ra
ct
s
wi
th
in
su
li
n
to
in
cr
ea
se
gl
uc
os
e
to
le
ra
nc
e,
an
d
so
me
di
ab
et
ic
co
nd
it
io
ns
ar
e
al
le
vi
at
ed
by
ch
ro
mi
um
tr
ea
tm
en
t
(B
ow
en
,
19
66
;
Un
de
rw
oo
d,
19
71
).
A
Un
it
ed
St
at
es
Na
ti
on
al
Re
se
ar
ch
Co
un
ci
l
pa
ne
l
on
ch
ro
mi
um
co
nc
lu
de
d
th
at
:
"C
hr
om
iu
m
de
fi
ci
en
cy
ca
n
be
pr
od
uc
ed
in
ex
pe
ri
me
nt
al
an
im
al
s
bu
t
it
ca
n
be
pr
ev
en
te
d
an
d
cu
re
d
by
ap
pr
op
ri
at
e
ch
ro
mi
um
su
pp
le
me
nt
at
io
n.
I
t
s
S
y
m
p
t
o
m
s
a
r
e
r
e
p
r
o
d
u
c
i
b
l
e
a
n
d
c
o
n
s
i
s
t
o
f
a
g
e
n
e
r
a
l
d
e
c
r
e
a
s
e
i
n
t
h
e
ti
ss
ue
re
sp
on
se
to
in
su
li
n.
On
th
is
ba
si
s,
ch
ro
mi
um
mu
st
be
co
ns
id
er
ed
an essentialy element" (NRCUS, 1974).
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At
hi
gh
co
nc
en
tr
at
io
ns
,
ch
ro
mi
um
in
ai
r
ca
us
es
re
sp
ir
at
or
y
da
ma
ge
an
d
ca
nc
er
to
ma
mm
al
s
an
d
co
nt
ac
t
wi
th
th
e
Sk
iL
ca
n
ca
us
e
ul
ce
rs
,
sc
ar
s
an
d
al
le
rg
ic
ef
fe
ct
s
(N
RC
US
,
19
74
).
Th
e
ef
fe
ct
s
on
hu
ma
ns
of
ch
ro
mi
um
in
dr
in
ki
ng
wa
te
r
ar
e
un
kn
ow
n
bu
t
a
st
an
da
rd
of
50
Ug
/l
to
ta
l
ch
ro
mi
um
ha
s
be
en
se
t
in
th
e
U.
S.
to
li
mi
t
to
ta
l
da
il
y
in
ta
ke
(N
AS
/N
AE
,
19
73
).
In
Ca
na
da
,
th
e
ma
xi
mu
m
pe
rm
is
si
bl
e
co
nc
en
tr
at
io
n
is
50
ug
/l
as
Cr
(V
I)
an
d
th
e
ac
ce
pt
ab
le
li
mi
t
is
le
ss
th
an
50
ug
/l
(D
NH
W,
19
69
).
Th
e
to
xi
ci
ty
of
ch
ro
mi
um
to
aq
ua
ti
c
bi
ot
a
is
qu
it
e
va
ri
ab
le
an
d
de
pe
nd
s
on
th
e
sp
ec
ie
s
te
st
ed
.
He
rv
ey
(1
94
9)
us
ed
a
su
bj
ec
ti
ve
me
as
ur
em
en
t
of
un
ic
el
lu
la
r
al
ga
l
gr
ow
th
in
hi
bi
ti
on
to
de
mo
ns
tr
at
e
th
at
so
me
di
at
om
s
we
re
se
ns
it
iv
e
to
32
0
ug
/l
bu
t
no
t
to
32
ug
/l
of
ch
ro
mi
um
.
Wi
um
An
de
rs
on
(1
97
4)
,
us
in
g
1“
C
fi
xa
ti
on
to
es
ti
ma
te
gr
ow
th
,
es
ti
ma
te
d
th
at
65
0
ug
/l
of
Cr
(V
I)
ca
us
ed
50
%
in
hi
bi
ti
on
of
ph
ot
os
yn
th
es
is
by
th
e
di
at
om
,
Ei
tg
sg
hi
a
pa
le
a.
Pa
tr
ic
k
at
31
.
(1
96
8)
in
di
ca
te
d
th
at
20
8
ug
/l
of
Cr
(I
Il
)
al
so
ca
us
ed
50
%
re
du
ct
io
n
of
ph
ot
os
yn
th
es
is
of
E.
pa
le
af
Ba
se
d
on
ce
ll
co
un
ts
,
15
0
ug
/l
al
lo
we
d
ve
ry
li
tt
le
gr
ow
th
af
te
r
4
da
ys
ex
po
su
re
at
lo
w
ce
ll
de
ns
it
ie
s
(W
iu
m-
An
de
rs
on
19
74
).
Da
ph
ni
a
ma
gn
a_
re
pr
od
uc
ti
on
an
d
ac
ti
vi
ty
we
re
in
hi
bi
te
d
by
33
0
an
d
32
0
ug
/l
ch
ro
mi
um
,
re
sp
ec
ti
ve
ly
(B
ie
si
ng
er
an
d
Ch
ri
st
en
se
n,
19
72
;
An
de
rs
on
,
19
46
).
An
ot
he
r
in
ve
rt
eb
ra
te
,
Ph
il
od
in
a
ro
se
ol
a
wa
s
sh
ow
n
to
be
10
ti
me
s
le
ss
se
ns
it
iv
e
th
an
Qa
ph
ni
a
ma
gm
a
si
nc
e
it
s
li
fe
cy
cl
e
wa
s
af
fe
ct
ed
be
tw
ee
n
3,
40
0
an
d
4,
60
0
ug
/l
(Schaeffer and Pipes, 1973).
  
A
se
ri
es
of
un
pu
bl
is
he
d
st
ud
ie
s
by
Be
no
it
an
d
Pi
ck
er
in
g,
re
po
rt
ed
in
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
,
19
72
(N
AS
/N
AE
,
19
73
),
de
mo
ns
tr
at
ed
"s
af
e"
co
nc
en
tr
at
io
ns
,
ba
se
d
on
re
pr
od
uc
ti
on
,
of
30
0,
60
0
an
d
1,
00
0
ug
/l
of
he
xa
va
le
nt
ch
ro
mi
um
fo
r
ra
in
bo
w
tr
ou
t
(§
§1
m9
_g
ai
rd
ne
ri
),
br
oo
k
tr
ou
t
(S
al
ve
li
nu
s
fo
nt
in
al
is
),
an
d
fa
th
ea
d
mi
nn
ow
(E
im
ep
ha
le
s
pr
om
el
as
),
re
sp
ec
ti
ve
ly
.
Th
e
"s
af
e"
co
nc
en
tr
at
io
n
of
tr
iv
al
en
t
ch
ro
mi
um
fo
r
fa
th
ea
d
mi
nn
ow
s
wa
s
1,
00
0
ug
/l
.
Th
er
ef
or
e,
bo
th
va
le
nc
e
st
at
es
of
ch
ro
mi
um
ap
pe
ar
eq
ua
ll
y
to
xi
c
on
a
su
bl
et
ha
l
ba
si
s.
Ho
we
ve
r,
Ol
so
n
(1
95
8)
ob
se
rv
ed
th
at
Ch
in
oo
k
sa
lm
on
fi
ng
er
li
ng
s
(O
nc
or
hy
nc
hu
s
ts
ha
wy
ts
ch
a)
,
af
te
r
12
we
ek
s
ex
po
su
re
,
ha
d
hi
gh
er
mo
rt
al
it
y
ra
te
s
(>
50
%)
an
d
lo
we
r
gr
ow
th
ra
te
s
in
20
0
pg
/l
Cr
(V
I)
th
an
in
20
0
ug
/l
Cr
(I
Il
)
or
in
co
nt
ro
l
ta
nk
s.
Th
e
fi
sh
in
Cr
(I
II
)
ha
d
mo
rt
al
it
y
an
d
gr
ow
th
ra
te
s
id
en
ti
ca
l
to
th
os
e
of
th
e
co
nt
ro
l
fi
sh
.
Th
er
ef
or
e,
on
an
ac
ut
e
ba
si
s,
Cr
(I
II
)
ap
pe
ar
s
le
ss
to
xi
c
than Cr(VI).
  
Ch
ro
mi
um
co
nc
en
tr
at
io
ns
in
fi
sh
ti
ss
ue
ar
e
lo
w.
Lu
ca
s
an
d
Ed
gi
ng
to
n
(1
97
0)
me
as
ur
ed
ch
ro
mi
um
by
ne
ut
ro
n
ac
ti
va
ti
on
an
d
fo
un
d
th
at
av
er
ag
e
wh
ol
e
bo
dy
co
nc
en
tr
at
io
ns
in
al
ew
if
e,
sp
ot
ta
il
Sh
in
er
an
d
tr
ou
t
pe
rc
h
ra
ng
ed
fr
om
0.
9-
1.
6
pg
/g
.
Ch
ro
mi
um
wa
s
al
so
me
as
ur
ed
by
ne
ut
ro
n
ac
ti
va
ti
on
in
dr
es
se
d
sa
mp
le
s
of
Wh
it
ef
is
h,
no
rt
he
rn
pi
ke
,
sm
el
t
an
d
pe
rc
h.
Th
e
co
nc
en
tr
at
io
ns
ra
ng
ed
fr
om
<0
.0
l7
ug
/g
to
0.
03
4
ug
/g
we
t
we
ig
ht
(U
th
e
an
d
Bl
ig
h,
19
71
).
Th
es
e
re
su
lt
s
ar
e
qu
it
e
lo
w
co
mp
ar
ed
to
th
os
e
in
wh
ol
e
fi
sh
,
su
gg
es
ti
ng
th
at
ch
ro
mi
um
is
no
t
re
ta
in
ed
by
mu
sc
le
.
In
ad
di
ti
on
,
th
er
e
wa
s
no
va
ri
at
io
n
in
th
e
ch
ro
mi
um
co
nc
en
tr
at
io
n
in
th
e
fi
sh
wi
th
in
sp
ec
ie
s
fr
om
La
ke
Er
ie
an
d
fr
om
Mo
os
e
La
ke
,
Ma
ni
to
ba
.
Mo
os
e
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 Lake is a lake free of industrial activity. Experimental exposures
indicate that Cr(VI) was taken up from water at concentrations as low as
1 ug/l (Fromm and Stokes. 1962). At 2,500 ug/l, uptake was via the
gills and
the metal occurred in the spleen, posterior gut, pyloric
caeca, stomach and kidney (Knoll and Fromm, 1960). Little occurred in
muscle and uptake across the stomach was minimal.
It does not appear
that chromium contamination of fish represents a problem since oral
toxicity to mammals is low (NRCUS, 1974). Also, the residues reported
in the uptake experiments were not associated with any damage to the
fish. Therefore, no objective for chromium concentrations in fish
tissues is recommended at this time.
The data presented on toxicity suggest an objective for chromium in
water somewhat greater than the guideline for drinking water, to protect
aquatic life. Since the U.S. and Canadian guidelines for drinking water
are 50 ug/l, the objective for total chromium is 50 ug/l.
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Fi
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d
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.
i
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1
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N.
A.
S.
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AE
.
19
73
.
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
19
72
.
Na
ti
on
al
Ac
ad
em
y
of
Sc
ie
nc
es
,
Na
ti
on
al
Ac
ad
em
y
of
En
gi
ne
er
in
g.
Ec
ol
og
ic
al
Re
se
ar
ch
Se
ri
es
,
En
vi
ro
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en
ta
l
Pr
ot
ec
ti
on
Ag
en
cy
,
Wa
sh
in
gt
on
,
D. C. EPA—R3—73-O33.
NR
CU
S,
19
74
.
Ch
ro
mi
um
.
Co
mm
it
te
e
on
bi
ol
og
ic
ef
fe
ct
s
of
at
mo
sp
he
ri
c
po
ll
ut
an
ts
,
Di
vi
si
on
of
Me
di
ca
l
Sc
ie
nc
es
,
Na
ti
on
al
Re
se
ar
ch
Co
un
ci
l,
Na
ti
on
al
Ac
ad
em
y
of
Sc
ie
nc
es
,
Wa
sh
in
gt
on
,
D.
C.
U.
S.
A.
155 pp.
Ol
so
n,
P.
A.
19
58
.
Co
mp
ar
at
iv
e
to
xi
ci
ty
of
Cr
(V
I)
an
d
Cr
(I
II
)
in
sa
lm
on
.
Ha
nf
or
d
Bi
ol
og
y
Re
se
ar
ch
An
nu
al
Re
po
rt
fo
r
19
57
,
H
a
n
f
o
r
d
A
t
o
m
i
c
P
r
o
d
uc
t
s
O
p
e
r
a
t
i
o
n
,
R
i
c
h
l
a
n
d
,
W
a
s
h
i
n
g
t
o
n
,
U.
S.
A.
P
a
t
r
i
c
k
,
R.
,
J.
C
a
i
r
n
s
an
d
A.
Sc
he
ie
r.
19
68
.
Th
e
r
e
l
a
t
i
ve
se
ns
it
iv
it
y
of
di
at
om
s,
sn
ai
ls
an
d
fi
sh
to
20
co
mm
on
co
ns
ti
tu
en
ts
of
in
du
st
ri
al
wa
st
es
.
Pr
og
r.
Fi
sh
.
Cu
lt
.
30
:
13
7—
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0.
S
c
h
a
e
f
e
r
,
E.
D.
an
d
W.
O.
Pi
pe
s.
19
73
.
T
e
m
p
e
r
a
t
u
r
e
an
d
th
e
t
o
x
i
c
i
t
y
of
c
h
r
o
m
a
t
e
an
d
a
r
s
e
n
a
t
e
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th
e
r
o
t
i
f
e
r
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_
P
h
i
l
o
d
i
n
a
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se
ol
a.
W
a
t
e
r
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s.
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1
7
8
1
-
1
7
9
0
.
S
c
h
r
o
e
d
e
r
,
D.
C.
an
d
G.
F.
Le
e.
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P
o
t
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i
a
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r
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n
s
f
o
r
m
a
t
i
o
n
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c
h
r
o
m
i
u
m
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n
a
t
u
r
a
l
wa
t
e
r
s
.
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te
r,
Ai
r
an
d
So
il
Po
ll
.
4:
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5—
36
5.
S
h
e
p
h
e
r
d
,
C.
M.
an
d
R.
L.
Jo
ne
s.
19
71
.
H
e
x
a
v
a
l
e
n
t
c
h
r
o
m
i
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T
o
x
i
c
o
l
o
g
i
c
a
l
e
f
f
e
c
t
s
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d
m
e
a
n
s
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r
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e
m
o
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l
f
r
o
m
a
q
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o
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s
o
l
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o
n
.
I
n
t
e
r
i
m
R
e
p
o
r
t
,
N
a
v
a
l
R
e
s
e
a
r
c
h
L
a
b
o
r
a
t
o
r
y
,
W
a
s
h
i
n
g
t
o
n
,
D.
C.
U
n
d
e
r
w
o
o
d
,
E.
J.
1
9
7
1
.
T
r
a
c
e
e
l
e
m
e
n
t
s
in
h
u
m
a
n
a
n
d
a
n
i
m
a
l
n
u
t
r
i
t
i
o
n
.
3r
d
e
d
i
t
i
o
n
,
A
c
a
d
e
m
i
c
Pr
es
s,
N
e
w
Y
o
r
k
an
d
Lo
nd
on
,
54
3
pp
.
U
t
h
e
,
J.
F.
a
n
d
E.
G.
B
l
i
g
h
.
1
9
7
1
.
P
r
e
l
i
m
i
n
a
r
y
s
u
r
v
e
y
of
h
e
a
v
y
m
e
t
a
l
c
o
n
t
a
m
i
n
a
t
i
o
n
of
C
a
n
a
d
i
a
n
f
r
e
s
h
w
a
t
e
r
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sh
.
J.
Fi
sh
.
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s.
B
o
a
r
d
Can. 28: 786—788.
W
i
u
m
-
A
n
d
e
r
s
o
n
,
S.
19
74
.
Th
e
e
f
f
e
c
t
of
c
h
r
o
m
i
u
m
o
n
th
e
p
h
o
t
o
s
y
n
t
h
e
s
i
s
an
d
g
r
o
wt
h
of
d
i
a
t
o
m
s
an
d
g
r
e
e
n
al
ga
e.
Ph
ys
io
l.
Pl
an
t.
3
2
:
3
0
8
-
3
1
0
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LEAD
RECOMMENDATION
It is recommended that the following new objective for lead be
adopted:
Concentrations of total Zead in an unfiltered water sampZe should not
exceed 20 micrograms per litre in Lake Superior, 20 micrograms per litre
in Lake Huron and 25 micrograms per Zitre in all remainina Great
Lak
es
to
pro
tec
t
aqu
ati
c
lif
e.
t
RATIONALE
Lead
is r
elea
sed
to a
quat
ic e
cosy
stem
s fr
om t
he p
rodu
ctio
n an
d us
e
of
lea
d i
n g
aso
lin
es,
pai
nts
, g
laz
es,
pip
es,
roo
fin
g m
ate
ria
ls
and
amm
uni
tio
n
(es
pec
ial
ly
sho
tgu
n p
ell
ets
).
Lea
d i
s a
lso
rel
eas
ed
dur
ing
met
al
min
ing
and
ref
ini
ng
pro
ces
ses
,
rec
ycl
ing
of
use
d l
ead
pro
duc
ts,
bur
nin
g
of
fue
ls
and
rec
ycl
ing
or
dis
pos
al
of
use
d m
oto
r
oil
s
(NR
CC,
1973).
Le
ad
ge
ne
ra
ll
y
oc
cu
rs
in
ve
ry
lo
w
Co
nc
en
tr
at
io
ns
in
wa
te
r
du
e
to
it
s
lo
w
so
lu
bi
li
ty
.
Si
nc
e
ca
rb
on
at
e,
hy
dr
ox
id
e,
ph
os
ph
at
e,
ch
lo
ri
de
,
etc
.
for
m i
nso
lub
le
sal
ts
wit
h
lea
d,
any
dis
sol
ved
lea
d
can
be
con
ver
ted
to
an
in
so
lu
bl
e
fo
rm
an
d
pr
ec
ip
it
at
ed
to
th
e
se
di
me
nt
s.
In
La
ke
On
ta
ri
o
wa
te
r,
fo
r
ex
am
pl
e,
it
ha
s
be
en
fo
un
d
th
at
at
co
nc
en
tr
at
io
ns
ab
ov
e
10
0
mg
/l
le
ad
,
mo
re
th
an
98
%
is
pr
ec
ip
it
at
ed
af
te
r
24
ho
ur
s.
Ab
ov
e
10
mg
/l
,
70
%
is
pr
ec
ip
it
at
ed
an
d
ab
ov
e
1
mg
/l
,
10
%
is
pr
ec
ip
it
at
ed
.
Th
e
pr
ec
ip
it
at
e
do
es
no
t
ap
pe
ar
to
re
di
ss
ol
ve
up
on
ag
it
at
io
n
(H
od
so
n,
un
pu
bl
is
he
d
da
ta
).
Be
lo
w
1
mg
/l
,
le
ad
ma
y
be
in
an
in
so
lu
bl
e
fo
rm
bu
t
no
t
pr
ec
ip
it
at
ed
,
pe
rh
ap
s
du
e
to
pa
rt
ic
le
si
ze
.
Th
e
pr
op
or
ti
on
in
an
un
di
ss
ol
ve
d
fo
rm
va
ri
es
wi
th
wa
te
r
ha
rd
ne
ss
(D
av
ie
s
an
d
Ev
er
ha
rt
,
19
73
).
At
a
ha
rd
ne
ss
of
24
.0
mg
/l
,
al
ka
li
ni
ty
of
22
.8
mg
/l
an
d
pH
of
6.
91
,
ab
ou
t
10
0%
of
le
ad
be
lo
w
10
0
ug
/l
is
in
a
di
ss
ol
ve
d
fo
rm
.
In
wa
te
r
wi
th
a
ha
rd
ne
ss
of
35
3
mg
/l
,
al
ka
li
ni
ty
of
24
3
mg
/l
an
d
pH
of
ab
ou
t
7.
9,
di
ss
ol
ve
d
le
ad
wa
s
on
ly
2%
of
a
to
ta
l
of
3,
24
0
ug
/l
.
As
th
e
to
ta
l
co
nc
en
tr
at
io
n
de
cr
ea
se
d,
di
ss
ol
ve
d
le
ad
in
cr
ea
se
d
to
27
%
of
a
to
ta
l
of
40
ug
/l
le
ad
(D
av
ie
s
an
d
Ev
er
ha
rt
,
19
73
).
Le
ad
so
lu
bi
li
ty
is
st
ro
ng
ly
in
fl
ue
nc
ed
by
pH
,
an
d
ab
ov
e
pH
8.
0
th
e
so
lu
bi
li
ty
is
le
ss
th
an
10
ug
/l
,
re
ga
rd
le
ss
of
al
ka
li
ni
ty
(Hem and Durum, 1973).
M
o
d
a
l
l
ea
d
c
o
n
c
e
n
t
r
a
t
i
o
n
s
in
th
e
Up
pe
r
Gr
ea
t
La
ke
s
wa
te
rs
ar
e
le
ss
th
an
1.
0
ug
/l
of
fs
ho
re
,
an
d
95
%
of
al
l
sa
mp
le
s
co
nt
ai
n
le
ss
th
an
3.
0
ug
/l
(T
ab
le
4
)
.
A_
t
wa
t
e
r
in
ta
ke
s,
m
e
a
n
le
ad
c
o
n
c
e
n
t
r
a
t
i
o
n
s
ar
e
as
hi
gh
as
34
u
g
/
l
w
i
t
h
m
a
x
i
m
a
at
55
u
g
/
l
or
l
e
s
s
(T
ab
le
5
)
,
Th
e
h
i
g
h
e
r
i
n
s
h
o
r
e
c
o
n
c
e
n
t
r
a
t
i
o
n
s
p
r
o
b
a
b
l
y
r
e
f
l
e
c
t
l
o
c
a
l
i
n
p
u
t
s
to
t
h
e
l
a
k
e
s
.
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Lead is not essential for plant and animal grOWth and is, in fact,
quite toxic. Bowen (1966) has rated lead as being very toxic to plants,
i.e. toxic effects may be seen below 1 mg/l in the nutrient solution.
Lead shot is also toxic to wildlife. Poisoning of diving and
dabbling ducks, as well as swans and geese is a major problem of wetlands
management (NRCC, 1973). Birds may die by feeding off bottom material
heavily contaminated with lead shot from hunting. One lead pellet
ingested by a mallard can cause elevated blood lead levels for up to
three months (Dieter and Finley, 1975). The same exposure also caused
marked changes in enzyme activity of brain and liver ti53ue (Dieter and
Finley, 1975). The lethal dose of lead pellets is estimated as 5-6 for a
mallard and 15—25 for a Canada Goose (NRCC, 1973) and toxicity varies
with diet.
Lead toxicity to mammalian wildlife has not been reported but some
domestic animals and humans are quite susceptible to lead. Domestic
animals are exposed through ingestion of solid waste (e.g. lead—acid
batteries) or contaminated drinking water. Chronic toxic effects include
digestive problems, renal damage, neural damage and eventually death.
Embryotoxicity due to transplacental lead transfer has been observed but
teratogenicity has not been proven conclusively (NRCC, 1973). Many of
these results are from experimental poisonings. The recommendation for
lead in water for livestock in the U.S. is 100 pg/l (NAS/NAE, 1973).
Man is exposed to lead through food, water and air. Sources of
lead include burning of fossil fuels, smoking, drinking water, non—food
items such as paint chips, illicit liquor, containers improperly glazed
with lead silicates and industrial operations (NRCC, 1973). Lead poisoning
or plumbism, has three aspects: (1) mild or severe dysfunction of the
alimentary tract; (2) neuromuscular atrophy; and (3) encephalopathy.
Therefore, it has been recommended that total lead intake be limited
to 0.6 mg/day by adults (NRCC, 1973; NAS/NAE, 1973) and 0.3 mg/day by
children (NRCC, 1973). The recommendation for lead in drinking water
in the U.S. is 50 ug/l (NAS/NAE, 1973) while in Canada, the maximum
permissible limit is 50 ug/l, less than 50 pg/l is acceptable, and the
objective is "not detectable" (DNHW, 1969).
Lead appears to be relatively non-toxic to algae. Concentrations
reducing growth as determined by cell numbers, C02 fixation, chlorophyll
production, etc. are generally between 1 and 100 mg/l and occasionally
as high as 1,000 mg/l (Wong et_§l., in preparation). Toxicity varies
considerably between species and between growth media. The growth media
factor is of cOnsiderable importance since toxicity of lead in natural
waters is much greater than in artificial media. Growth of Ankistrodesmus
falcatus, a green alga of the Great Lakes, was reduced 50% by about 10,000
ug/l lead in Chu 10 medium. In Lake Ontario water, a similar effect was
seen between 10 and 100 ug/l (Wong gglal., in preparation). Temperature
must also be considered, since toxicity increases with temperature
(Wong gt al., in preparation) and most laboratory studies are conducted
at 20 C.
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Daphniavmagna
reproduction
was
inhibited
by
30
ug/l
lead
(Biesinger
and Christensen,
1972).
Conditioned behaviour of goldfish (Carassius
auratus)
was affected by 70 ug/l lead
(Weir and Hine, 1970) 1;;575;;_m
importance of
this change
is unknown.
Growth of brook trout
(Salvelinus
fontinalis) was reduced by periodic high concentrations of lead between
15,000 and 25,000 ug/l (Dorfman and Whitworth, 1969) while growth of
guppies (Lebistes reticulatus) was reduced by continuous exposure to
1,250 Ug/l (Crandall and Goodnight, 1962; 1963).
Prolonged lead exposure of rainbow trout (§§lm9_gairdne£i), starting
as fingerlings, caused black tails and lordosis (dorso—ventral
spinal curvature) plus scoliosis (bilateral spinal curvature) (Davies
and Everhart, 1973). These effects are probably due to neural damage
and they occurred between 13.3 and 20 Ug/l total lead at 27 mg/l hardness
and 23 mg/l alkalinity. At 354 mg/l hardness and 243 mg/l alkalinity,
the effects occurred between 120 and 360 ug/l total lead. When the
results from hard water were expressed as "free" lead as measured by
pulse polarography, the effects occurred between 18 and 32 ug/l. ThereforeL
a safe concentration based on total lead varies considerably with hardness
while that based on "free" lead varies only slightly. In soft water,
for trout exposed from the egg stage onwards and from parents exposed to
lead for one year, the safe-unsafe range was 6*12 ug/l.
Interpolating from Davies and Everhart's (1973) results, safe—unsafe
concentration ranges for total lead in the Great Lakes are as follows:
 
Hardness Alkalinity Safe—unsafe range Safe—unsafe range
based on hardness based on alkalinity
(mg/l) (mg/l) (Mg/1 of lead) (Mg/l of lead)
Lake Superior 44 41 15 — 24 16 — 25
Lake Huron 94 75 21 — 37 22 - 38
Lake Michigan 119 —- 25 - 46 ——
Lake Erie 123 91 25 — 46 26 - 48
Lake Ontario 135 90 27 — 52 26 - 48
Thes
e re
Sult
s ha
ve b
een
conf
irme
d by
Goet
tl §
£_a1
,
(197
3) u
sing
the
sam
e d
ilu
tio
n w
ate
r.
The
y f
oun
d t
hat
lor
dos
is
plu
s s
col
ios
is
dev
elo
ped
in
you
ng
rai
nbo
w t
rou
t a
t l
ead
con
cen
tra
tio
ns
bet
wee
n 8
.0
and
14.
0 u
g/l
.
A th
ird
stud
y of
broo
k tr
out
in w
ater
of 4
4 mg
/l h
ardn
ess
gave
simi
lar
res
ult
s b
etw
een
58
and
119
ug/
l t
ota
l l
ead
(Ho
lco
mbe
33
gl.
, u
npu
b.m
an.
)
On
a d
iss
olv
ed
bas
is,
thi
s r
epr
ese
nte
d 3
9 a
nd
84
ug/l
.
It
wou
ld
app
ear
that brook trout are not as sensitive as rainbow trout.
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So
me
le
ad
ac
cu
mu
la
ti
on
oc
cu
rs
in
aq
ua
ti
c
bi
ot
a.
Ph
yt
op
la
nk
to
n
ac
cu
mu
la
te
la
rg
e
qu
an
ti
ti
es
,
pe
rh
ap
s
du
e
to
ad
so
rp
ti
on
by
th
e
re
la
ti
ve
ly
la
rg
e
su
rf
ac
e
ar
ea
s
of
al
ga
l
ce
ll
s,
or
to
io
n
ex
ch
an
ge
(S
hu
kl
a
an
d
Le
la
nd
,
19
73
).
Le
la
nd
an
d
Mc
Nu
rn
ey
(1
97
3)
sh
ow
ed
th
at
co
nc
en
tr
at
io
ns
of
le
ad
we
re
al
wa
ys
hi
gh
es
t
in
pe
ri
ph
yt
on
of
st
re
am
s
an
d
de
cr
ea
se
d
wi
th
in
cr
ea
si
ng
tr
op
hi
c
le
ve
l.
He
rb
iv
or
ou
s
fi
sh
ha
d
hi
gh
er
co
nc
en
tr
at
io
ns
of
le
ad
th
an
di
d
ca
rn
iv
or
ou
s
fi
sh
.
Al
l
co
nc
en
tr
at
io
ns
of
le
ad
in
fi
sh
we
re
less than 5.0 pg/g.
Le
ad
co
nc
en
tr
at
io
ns
in
fi
ll
et
s
of
Gr
ea
t
La
ke
s
fi
sh
we
re
fo
un
d
to
be
un
if
or
ml
y
le
ss
th
an
0.
5
ug
/g
,
th
e
de
te
ct
io
n
li
mi
t,
re
ga
rd
le
ss
of
sp
ec
ie
s
or
sa
mp
le
lo
ca
ti
on
(U
th
e
an
d
Bl
ig
h,
19
71
).
Ho
we
ve
r,
in
a
mo
re
re
ce
nt
su
rv
ey
,
Br
ow
n
an
d
Ch
ow
(1
97
5)
re
po
rt
ed
th
at
fi
sh
fr
om
Ba
ie
du
Do
re
,
La
ke
Hu
ro
n,
co
nt
ai
ne
d
0.
19
ug
/g
le
ad
in
mu
sc
le
wh
il
e
th
os
e
fr
om
To
ro
nt
o
ha
rb
ou
r
co
nt
ai
ne
d
1.
78
ug
/g
.
Si
nc
e
on
ly
th
e
va
lu
es
fr
om
To
ro
nt
o
Ha
rb
ou
r
ap
pe
ar
el
ev
at
ed
,
mu
sc
le
le
ad
co
nc
en
tr
at
io
ns
ma
y
re
fl
ec
t
lo
ca
l
co
nt
am
in
at
io
n.
Hi
gh
er
co
nc
en
tr
at
io
ns
of
le
ad
oc
cu
r
in
ot
he
r
or
ga
ns
of
fi
sh
.
In
tr
ou
t
fr
om
a
st
re
am
,
co
nc
en
tr
at
io
ns
of
le
ad
we
re
hi
gh
er
in
bo
ne
th
an
in
li
ve
r
or
gi
ll
s
(P
ag
en
ko
pf
an
d
Ne
um
an
,
19
74
).
In
ad
di
ti
on
,
th
er
e
wa
s
a
si
gn
if
ic
an
t
di
ff
er
en
ce
in
le
ad
co
nt
en
t
of
bo
ne
be
tw
ee
n
fi
sh
fr
om
a
ha
tc
he
ry
an
d
fi
sh
fr
om
a
ri
ve
r
co
nt
ai
ni
ng
2.
65
—2
.9
3
ug
/l
le
ad
,
tw
ic
e
as
mu
ch
as
in
ha
tc
he
ry
wa
te
r.
Le
ad
ma
y
al
so
oc
cu
r
in
bl
oo
d
an
d
ac
cu
mu
la
te
in
ki
dn
ey
ti
ss
ue
(H
od
so
n,
un
pu
bl
is
he
d
da
ta
).
Th
e
si
gn
if
ic
an
ce
of
th
es
e
re
si
du
es
to
fi
sh
he
al
th
ha
s
no
t
ye
t
be
en
de
te
rm
in
ed
.
Th
e
cr
it
er
ia
fo
r
le
ad
fo
r
aq
ua
ti
c
bi
ot
a
re
qu
ir
e
a
mo
re
st
ri
ng
en
t
ob
je
ct
iv
e
th
an
fo
r
dr
in
ki
ng
wa
te
r.
Th
er
ef
or
e,
to
ac
c0
un
t
fo
r
th
e
va
ri
at
io
n
wi
th
wa
te
r
ha
rd
ne
ss
of
th
e
re
sp
on
se
of
ra
in
bo
w
tr
ou
t
to
to
ta
l
le
ad
in
wa
te
r,
th
e
ob
je
ct
iv
e
fo
r
to
ta
l
le
ad
is
re
co
mm
en
de
d
as
10
ug
/l
in
La
ke
Su
pe
ri
or
,
20
ug
/l
in
La
ke
Hu
ro
n
an
d
25
ug
/l
in
al
l
ot
he
r
la
ke
s.
Si
nc
e
le
ad
ma
y
be
me
th
yl
at
ed
to
te
tr
am
et
hy
l
le
ad
by
la
ke
se
di
me
nt
s
(W
on
g
et
_a
l.
,
19
75
),
th
es
e
ob
je
ct
iv
es
sh
ou
ld
be
re
—e
va
lu
at
ed
wh
en
th
e
si
gn
if
ic
an
ce
of
me
th
yl
at
io
n
is
de
fi
ne
d.
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 MERCURY
RECOMMENDATION
It is recommended that the following new objective for mercury
be adopted:
The concentration of total mercury in filtered water shouZd not
exceed 0.2 micrograms per litre nor should the concentration
of total mercury in whole fish exceed 0.5 micrograms per gram
(wet
wei
ght
bas
is)
for
the
pro
tec
tio
n o
f a
qua
tic
life
and
fis
h—
consuming birds.
 
RATIONALE
The biologically significant form of mercury is methylmercury.
The
bul
k o
f t
he
mer
cur
y f
oun
d i
n f
res
h w
ate
r f
ish
occ
urs
in
the
for
m o
f
methylmercury (Johnels et a1, 1967; Kamps et a1. 1972).
Var
iou
s f
orm
s o
f m
erc
ury
may
be
met
hyl
ate
d b
y a
t l
eas
t t
wo
mec
han
ism
s
(Wo
od
gt_
a1.
,
196
8;
Lad
ner
,
197
1).
The
ext
ent
and
rat
es
of
met
hyl
ati
on
are
aff
ect
ed
by
man
y f
act
ors
, a
mon
g t
hem
are:
con
cen
tra
tio
n o
f m
erC
ury
ion
s,
ava
ila
bil
ity
of
mer
cur
y
ion
s,
gro
wth
rat
e
or
met
abo
lic
act
ivi
ty
of
the
met
hyl
ati
ng
org
ani
sms
,
tem
per
atu
re,
and
pH
(Bi
sog
ni
and
Law
ren
ce,
197
5).
Me
th
yl
me
rc
ur
y
ma
y
al
so
be
de
me
th
yl
at
ed
by
ba
ct
er
ia
in
se
di
me
nt
s
(S
pe
ng
le
r
§£
_a
l.
,
19
73
).
Th
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th
e
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ou
nt
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th
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un
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en
vi
ro
nm
en
t
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an
y
on
e
ti
me
is
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pe
nd
en
t
on
th
e
co
mb
in
ed
re
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ti
on
ki
ne
ti
cs
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me
th
yl
at
in
g
an
d
th
e
de
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th
yl
at
in
g
pr
oc
es
se
s.
As
a
co
ns
eq
ue
nc
e,
the
co
mb
in
at
io
n
of
th
e
av
ai
la
bl
e
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IC
ur
y
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nc
en
tr
at
io
ns
an
d
th
e
op
er
at
io
ns
of
bo
th
tr
an
s—
fo
rm
at
io
n
pr
oc
es
se
s
ar
e
si
gn
if
ic
an
t.
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e
fi
sh
co
nc
en
tr
at
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he
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s
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y,
an
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nc
e
th
ey
ex
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et
e
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yl
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rc
ur
y
ve
ry
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ow
ly
,
th
ey
pr
ov
id
e
a
go
od
in
di
ca
to
r
of
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ng
—t
er
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tr
en
ds
of
th
e
ne
t
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yl
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n
ra
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vi
ro
nm
en
t.
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,
19
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Be
ca
us
e
of
th
ei
r
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or
te
r
li
fe
cy
cl
es
,
th
ey
ma
y
be
su
it
ab
le
to
me
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ur
e
in
te
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ed
ia
te
te
rm
tr
en
ds
in
th
e
ne
t
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th
yl
at
io
n
ra
te
in
an
aq
ua
ti
c
environment.
Th
e
pr
es
en
t
ad
mi
ni
st
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ti
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gu
id
el
in
e
fo
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n
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io
n
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om
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ga
te
d
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th
e
U.
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Fo
od
an
d
Dr
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Ad
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we
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th
e
Ca
na
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an
d
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or
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e
is
0.
5
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me
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y
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of
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sh
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Na
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y
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Th
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e
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no
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id
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at
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nc
en
tr
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io
ns
of
0.
5
ug
/g
in
fi
sh
ha
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an
y
ef
fe
ct
on
th
em
.
of
me
rc
ur
y
in
fi
sh
th
at
ha
ve
be
en
ki
ll
ed
by
ch
ro
ni
c
ex
po
su
re
to
me
th
yl
-
me
rc
ur
y
ra
ng
ed
fr
om
9.
5
to
23
.5
ug
/g
(M
cK
im
g£
_a
1.
,
19
75
).
Concentrations
  
  
 
  
  
  
  
  
   
  
  
  
 
 
   
It is nearly impossible to correlate environmental concentrations
of total mercury in unfiltered water with concentrations of methylmercury
which accumulate in fish. There appear to be several reasons for this:
in aquatic ecosystems the vast majority of the total mercury is located
in the sediments, where the highest concentration is associated with the
smallest particles (Armstrong and Hamilton, 1973 and Walter and Wolery,
1974). The mercury associated with these small particles in the water
sample would be included in unfiltered samples so that the turbidity of
a sa
mple
sign
ific
antl
y af
fect
s th
e me
rcur
y de
term
inat
ion.
The
biol
ogic
al
avail
abili
ty o
f me
rcury
assoc
iated
with
these
sampl
es is
proba
bly
signi
fican
tly
lowe
r th
an t
hat
of a
ny m
ethy
lmer
cury
in s
olut
ion.
In a
ddit
ion
to m
ercu
ry
compounds adsorbed onto or incorporated into particles, an unfiltered
wate
r sa
mple
will
cont
ain
merc
ury
comp
ound
s ch
elat
ed b
y di
ssol
ved
orga
nic
subs
tanc
es s
uch
as f
ulvi
c ac
ids
(And
ren
and
Harr
iss,
1975
), a
nd d
isso
lved
mercury compounds. The proportion of methylmercury in this complex
mixture is probably variable, and is not readily determined by presently
avai
labl
e te
chni
ques
.
Indi
rect
evid
ence
indi
cate
s th
at t
he a
moun
t of
methylmercury in water constitutes a minor proportion of the total
mercury content in unfiltered samples. Experimental exposure of brook
trout to 0.03 ug/l of methylmercury has resulted in an accumulation of
0.96 ug/g after 239 days of exposure (McKim_et‘a1., 1975). Equilibrium
concentrations were not reached during this exposure and were estimated
to be significantly higher (>3 ug/g) by Hartung (1975). However, background
levels of total mercury in water have been reported to range from 0.05
to 0.1 ug/l (N.A.S. Water Qual. Criteria 1972), and these have been
asso
ciat
ed w
ith
conc
entr
atio
ns o
f 0.
01 t
o 0.
2 ug
/g m
ercu
ry
in f
ish.
Thus there is a significant discrepancy between bioaccumulation data
deri
ved
from
expe
rime
ntal
expo
sure
s to
meth
ylme
rcur
y wh
en c
ompa
red
with
those derived from experimental data. As a consequence it must be
concluded that measurements of total mercury in unfiltered water have
only
marg
inal
usef
ulne
ss
in d
eriv
ing
envi
ronm
enta
l qu
alit
y cr
iter
ia,
and
ther
efor
e th
e me
asur
emen
t of
merc
ury
accu
mula
ted
in b
iolo
gica
l or
gani
sms
represents a significantly more persuasive criterion.
A se
ries
of t
oxic
ity
stud
ies
is s
umma
rize
d in
Tabl
e 6.
It d
emon
stra
tes
that
most
orga
nic
merc
ury
comp
ound
s ar
e mo
re
toxi
c th
an i
norg
anic
merc
ury
salt
s.
No e
ffec
ts w
ere
note
d in
a th
ree
gene
rati
on e
xpos
ure
of b
rook
trou
t to
0.29
ug/l
meth
ylme
rcur
y.
A sl
ight
redu
ctio
n in
the
hatc
habi
lity
of e
ggs
of z
ebra
fish
was
note
d at
0.2
ug/l
.
Howe
ver,
whil
e th
is l
evel
shou
ld p
rote
ct a
quat
ic
life
, it
will
resu
lt i
n ac
cumu
lati
ons
of m
ethy
lmer
cury
in aquatic life in excess of 0.5 ug/g. For the purpose of setting an
obje
ctiv
e to
prot
ect
aqua
tic
life
, t
he t
otal
amou
nt o
f me
rcur
y in
filt
ered
wate
r sa
mple
s is
arbi
trar
ily
cons
ider
ed t
o be
meth
ylme
rcur
y.
Conc
en—
trat
ions
of 0
.2 p
g/l
of t
otal
merc
ury
in f
ilte
red
wate
r s
houl
d th
eref
ore
protect aquatic life with a more than adequate safety margin.
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Prote
ction
of or
ganis
ms w
hich
consu
me aq
uatic
life
canno
t be
based
:4
on
wat
er
con
cen
tra
tio
ns,
but
mus
t b
e b
ase
d o
n a
n e
val
uat
ion
of
the
amo
unt
s
,w
of me
rcury
accum
ulate
d in
aquat
ic or
ganis
ms.
m
On
Lak
e S
t.
Cla
ir
in
197
0,
gre
at
blu
e h
ero
ns
wer
e f
oun
d w
ith
mer
cur
y
i
lev
els
up
to
23
ug/
g i
n t
hei
r f
les
h,
and
ter
ns
up
to
7.5
ug/
g i
n t
hei
r f
les
h.
Fis
h r
eco
ver
ed
fro
m t
hei
r s
tom
ach
s c
ont
ain
ed
up
to
3.8
ug/
g m
erc
ury
(Du
stm
an
w
et_
al.
,
197
2).
No
mor
tal
iti
es
or
pop
ula
tio
n e
ffe
cts
wer
e n
ote
d i
n t
hes
e
spe
cie
s.
Kei
th
and
Gru
chy
(19
71)
als
o r
epo
rte
d f
ind
ing
gul
ls
wit
h e
lev
ate
d
mer
cur
y r
esi
due
s i
n t
hei
r e
ggs
wit
hou
t f
ind
ing
eff
ect
s o
n r
epr
odu
cti
on.
The
lev
els
fou
nd
in
the
se
ins
tan
ces
are
clo
se
to
or
ide
nti
cal
to
lev
els
ass
oci
ate
d w
ith
mer
cur
y p
ois
oni
ng
in
som
e
spe
cie
s
of
see
d
eat
ing
bir
ds.
It
is
the
ref
ore
evi
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t
tha
t
spe
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s
dif
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enc
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st,
and
at
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e
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sh
-e
at
in
g
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s
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to
be
mo
re
re
si
st
an
t
th
an
so
me
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ed
ea
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ng
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ie
s.
Ta
bl
e
6 a
ls
o
li
st
s
th
e
ef
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ct
s
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ed
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g
me
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yl
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rc
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y
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bi
rd
s.
Eg
gs
he
ll
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ni
ng
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s
re
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ed
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cu
r
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e
st
ud
y
in
Ja
pa
ne
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qu
ai
l
at
l
ug
/g
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me
rc
ur
ic
ch
lo
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de
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th
e
di
et
.
Ho
we
ve
r,
st
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ie
s
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or
ga
ni
c
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ur
y
in
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ud
in
g
me
th
yl
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rc
ur
y
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no
t
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nf
ir
me
d
th
is
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ot
he
r
sp
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ie
s,
ev
en
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er
do
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le
ve
ls
.
Th
e
mo
st
se
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it
iv
e
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s
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d,
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s
of
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g
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ar
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3
ug
/g
,
bu
t
no
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0.
5
ug
/g
.
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e
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oi
da
nc
e
re
sp
on
se
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li
ng
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s
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ed
sl
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ht
ly
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5
ug
/g
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th
yl
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d
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du
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s
pr
io
r
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d
du
ri
ng
th
e
re
pr
od
uc
ti
ve
ph
as
e.
Si
nc
e
th
is
ef
fe
ct
wa
s
sl
ig
ht
an
d
ma
y
no
t
be
ha
rm
fu
l,
it
is
li
ke
ly
th
at
th
e
sa
fe
le
ve
l
fo
r
me
th
yl
me
rc
ur
y
in
th
e
di
et
of
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rd
s
is
cl
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e
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0.
5
ug
/g
.
Th
er
ef
or
e,
fi
sh
—e
at
in
g
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rd
s
sh
ou
ld
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ot
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d
if
th
e
co
nc
en
tr
at
io
n
of
to
ta
l
me
rc
ur
y
in
wh
ol
e
fi
sh
do
es
no
t
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ce
ed
0.
5
ug
/g
.
Si
nc
e
no
t
al
l
sp
ec
ie
s
of
fi
sh
ac
cu
mu
la
te
me
rc
ur
y
eq
ua
ll
y,
th
is
pr
ov
id
es
an
ad
di
ti
on
al
ma
rg
in
of
sa
fe
ty
.
Al
so
,
si
nc
e
co
nc
en
tr
at
io
ns
of
0.
5
ug
/g
in
fi
sh
pr
od
uc
e
no
de
le
te
ri
ou
s
ef
fe
ct
s
to
fi
sh
,
th
is
li
mi
ta
ti
on
as
su
re
s
lo
ng
—t
er
m
pr
ot
ec
ti
on
of
fi
sh
.
Th
er
ef
or
e,
th
e
si
mu
lt
an
eo
us
ap
pl
ic
at
io
n
of
th
e
pr
op
os
ed
ob
je
ct
iv
es
fo
r
w
a
t
e
r
an
d
fo
r
b
i
o
a
c
c
u
m
u
l
a
t
e
d
m
e
r
c
u
r
y
in
f
i
s
h
sh
ou
ld
pr
ot
ec
t
a
Q
ua
t
i
c
li
fe
as
we
ll
as
th
e
co
ns
um
er
s
of
aq
ua
ti
c
li
fe
.
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SELENIUM
RECOMMENDATION
It is recommended that the following new objective for selenium be
adopted:
concentrations of total selenium in an unfiltered water sample should
not exceed Z0 micrograms per litre to protect raw water fbr public water
supplies.
NOTE: The effect of high dietary selenium concentrations on fish—eating
birds and wildlife is unknown. Based on the response of laboratory mammals,
concentrations of selenium approaching 3 ug/g, wet weight, in whole fish
should be regarded with concern.
RATIONALE
Selenium is a common element appearing in the earth's crust at
approximately 7 X 10'5%. It is present largely as heavy metal selenides
(together with sulphide minerals) but also occurs as selenates and
selenites. In soils, excluding seleniferous soils not normally found in
the Great Lakes region, it has been variously reported to be present at
levels ranging from 0.1 ug/g to less than 2 ug/g (Cooper gt_al,, 1974).
Elevated levels of selenium are found in some sedimentary rock formations
and their derived soils in central areas of Canada and the United States.
There are no known mining activities for selenium and its production
comes mostly as a by—product of c0pper and lead refining. I
Commercial use of selenium was about500 metric tons per year in
1968, mostly in the elemental form as red crystals or grey powder. It
is used in electronics for rectifiers, photocells, and xerography. It
is also used in steel and in pigments for paints, glass, and ceramics
(Cooper, 1967; Lymburner and Knoll, 1973).
Selenium is usually present in water as selenate and selenite; the
elemental form is insoluble but may be carried in suspension. Weathering
of rocks and soil erosion is a major source of selenium in water. On a
world basis, approximately 10,000 metric tons yearly are weathered and
carried downstream to the sea. Of this, 140 tons is in solution but
only 16 tons remains dissolved in the sea. The rest of it goes into
sediments (Schroeder, 1974). The burning of fossil fuels is another
source of soluble selenium. Analysis of coal and bottom and fly ash
from a single burner has turned up levels of 2 ug/g, 3.4 ug/g and
41.3 ug/g, respectively (Lymburner and Knoll, 1973). 'Man's burning of
fossil fuel puts about 450 tons per year of selenium (SeOz) into the
atmosphere, about 4.5% of the amount eroded naturally (Schroeder, 1974).
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 Disposal of waste containing selenium could be another source,
although levels in effluents seem to be low. Sewage in California (both
raw and treated) was found to have only 10 to 60 ug/l of selenium,
except for a high value of 280 ug/l in an industrial area (Feldman,
1974).
Concentrations in water are usually low. The literature has been
reviewed in several places (e.g. NAS/NAE, 1973), but many of the older
estimates are probably too high because of the limitations of chemical
methods. Most uncontaminated surface waters have less than 50 ug/l of
sel
eni
um,
and
mos
t d
rin
kin
g w
ate
rs
con
tai
n l
ess
tha
n 1
0 u
g/l
(AP
HA
gt
El}
, 1
971
).
Sur
fac
e w
ate
rs
in
a p
rov
inc
e o
f G
erm
any
ave
rag
ed
4 u
g/l
(He
ide
and
Sch
ube
rt,
196
0).
The
nor
mal
con
cen
tra
tio
n i
n s
ea
wat
er
is
onl
y 0
.4
ug/
l
(Ch
an
and
Ril
ey,
196
5).
Eve
n
see
pag
esf
rom
sel
eni
fer
ous
are
as
do
not
con
tai
n m
ore
tha
n 5
00
ug/
l a
nd
thi
s c
ont
ent
is
los
t w
hen
the
see
pag
es
emp
ty
int
o p
ond
s o
r l
ake
s,
app
are
ntl
y b
y c
opr
eci
pit
ati
on
wit
h
fer
ric
hyd
rox
ide
(AP
HA
§£_
al,
,
197
1).
Sel
eni
um
con
cen
tra
tio
ns
in
th
e
Gr
ea
t
La
ke
s
ar
e
be
lo
w
1
ug
/l
of
fs
ho
re
an
d
me
an
co
nc
en
tr
at
io
ns
ar
e
0.2 ug/l or less (Table 4).
La
ke
se
di
me
nt
s
se
em
to
ac
t
as
re
se
rv
oi
rs
or
si
nk
s;
in
th
e
no
rt
he
rn
Un
it
ed
St
at
es
th
ey
co
nt
ai
ne
d
fr
om
1.
0
to
3.
5
Ug
/g
dr
y
we
ig
ht
of
se
le
ni
um
,
co
ns
id
er
ab
ly
mo
re
th
an
th
e
us
ua
l
co
nc
en
tr
at
io
n
in
so
il
s
(W
ie
rs
ma
an
d
Le
e,
19
71
).
Sm
al
l
ex
pe
ri
me
nt
al
ec
os
ys
te
m
ex
pe
ri
me
nt
s
sh
ow
ed
th
at
of
th
e
to
ta
l
am
ou
nt
of
se
le
ni
um
in
ra
in
wh
ic
h
fe
ll
on
so
il
,
75
%
st
ay
ed
in
so
il
an
d
25
%
ra
n
of
f
in
to
an
aq
ua
ti
c
sy
st
em
.
Th
ir
ty
-s
ix
pe
rc
en
t
of
th
e
am
ou
nt
of
se
le
ni
um
th
at
en
te
re
d
th
e
aq
ua
ti
c
sy
st
em
en
de
d
in
th
e
se
di
me
nt
s
an
d
mo
st
of
th
e
re
st
wa
s
in
th
e
bi
ot
a
(H
uc
ka
be
e
an
d
Bl
ay
lo
ck
,
1974).
De
fi
ci
en
cy
of
se
le
ni
um
in
th
e
so
il
an
d
in
gr
as
s
ea
te
n
by
li
ve
st
oc
k,
le
ad
s
to
"w
hi
te
mu
sc
le
di
se
as
e"
.
Di
et
ar
y
ne
ed
s
of
li
ve
st
oc
k
ar
e
in
th
e
vi
ci
ni
ty
of
0.
1
to
0.
2
mg
/d
ay
(N
AS
/N
AE
,
19
73
)
wh
er
ea
s
th
e
da
il
y
se
le
ni
um
re
qu
ir
em
en
t
of
hu
ma
ns
ha
s
no
t
be
en
ac
cu
ra
te
ly
de
te
rm
in
ed
.
It
wo
ul
d
ap
pe
ar
to
be
in
th
e
ra
ng
e
of
0.
1
to
0.
2
mg
/d
ay
(L
ev
an
de
r,
19
75
),
an
am
ou
nt
no
rm
al
ly
fo
un
d
in
an
ad
eq
ua
te
di
et
(N
AS
/N
AE
,
19
73
).
Se
le
ni
um
po
is
on
in
g
of
li
ve
st
oc
k
ha
s
be
en
di
vi
de
d
in
to
tw
o
cl
as
se
s:
th
e
ac
ut
e
ty
pe
ca
ll
ed
bl
in
d
st
ag
ge
rs
an
d
th
e
ch
ro
ni
c
ty
pe
ca
ll
ed
al
ka
li
di
se
as
e.
T
h
e
a
c
ut
e
ty
pe
is
a
s
s
o
c
i
a
t
e
d
w
i
t
h
i
n
g
e
s
t
i
o
n
of
h
i
g
h
l
y
s
e
l
e
n
i
—
f
e
r
o
us
p
l
a
n
t
s
c
o
n
t
a
i
n
i
n
g
1,
00
0
ug
/
g
or
m
o
r
e
of
s
e
l
e
n
i
um
wh
e
r
e
a
s
th
e
c
h
r
o
n
i
c
ty
p
e
is
a
s
s
o
c
i
a
t
e
d
w
i
t
h
gr
ai
ns
an
d
pl
an
ts
w
h
i
c
h
co
nt
ai
n
5
to
20
U
g
/
g
o
f
s
e
l
e
n
i
u
m
(
M
o
x
o
n
,
1
9
5
8
)
.
T
h
e
e
x
t
e
n
s
i
v
e
l
i
t
e
r
a
t
u
r
e
o
n
n
a
t
u
r
a
l
p
o
i
s
o
n
i
n
g
of
l
i
v
e
s
t
o
c
k
f
r
o
m
s
e
l
e
n
i
u
m
i
n
t
h
e
i
r
f
o
o
d
p
l
a
n
t
s
a
g
r
e
e
s
,
in
g
e
n
e
r
a
l
,
t
h
a
t
5
u
g
/
g
o
r
m
o
r
e
c
a
n
l
e
a
d
t
o
d
e
a
t
h
i
n
t
h
e
h
e
r
b
i
v
o
r
e
,
a
n
d
t
h
a
t
s
u
c
h
l
e
v
e
l
s
i
n
p
l
a
n
t
s
r
e
s
u
l
t
f
r
o
m
s
o
i
l
c
o
n
c
e
n
t
r
a
t
i
o
n
s
i
n
t
h
e
r
a
n
g
e
0
.
5
t
o
6
u
g
/
g
(
N
a
t
i
o
n
a
l
T
e
c
h
n
i
c
a
l
A
d
v
i
s
o
r
y
C
o
m
m
i
t
t
e
e
,
1
9
6
8
;
N
A
S
/
N
A
E
,
'
1
9
7
3
;
M
c
K
e
e
a
n
d
W
o
l
f
,
1
9
6
3
)
.
A
l
s
o
,
a
d
i
e
t
c
o
n
t
a
i
n
i
n
g
3
u
g
/
g
o
f
s
e
l
e
n
i
u
m
i
n
s
e
l
e
n
i
t
e
f
o
r
m
,
i
n
a
l
i
f
e
t
i
m
e
s
t
u
d
y
k
i
l
l
e
d
r
a
t
e
s
(
S
c
h
r
o
e
d
e
r
,
1
9
6
7
)
.
.
T
h
e
u
s
u
a
l
c
h
r
o
n
i
c
e
f
f
e
c
t
s
i
n
m
a
m
m
a
l
s
m
a
y
i
n
c
l
u
d
e
w
e
a
k
n
e
s
s
,
v
i
s
u
a
l
i
m
p
a
i
r
-
m
e
n
t
,
p
a
r
a
l
y
s
i
s
,
d
a
m
a
g
e
t
o
h
e
a
r
t
,
l
i
v
e
r
a
n
d
v
i
s
c
e
r
a
,
s
t
i
f
f
j
o
i
n
t
s
,
a
n
d
l
o
s
s
o
f
h
a
i
r
a
n
d
h
o
o
v
e
s
.
A
d
d
i
t
i
o
n
a
l
s
y
m
p
t
o
m
s
i
n
h
u
m
a
n
s
a
r
e
m
a
r
k
e
d
p
a
l
l
o
u
r
,
r
e
d
t
a
i
n
t
i
n
g
o
f
f
i
n
g
e
r
s
,
t
e
e
t
h
a
n
d
h
a
i
r
,
d
e
n
t
a
l
c
a
r
i
e
s
,
d
e
b
i
l
i
t
y
,
d
e
p
r
e
3
3
1
o
n
109
 
   
an
d
ir
ri
ta
ti
on
of
no
se
an
d
th
ro
at
.
In
hu
ma
ns
,
ov
er
do
se
s
re
su
lt
in
g
in
ac
ut
e
to
xi
ci
ty
ma
y
be
ch
ar
ac
te
ri
ze
d
by
ne
rv
ou
sn
es
s,
vo
mi
ti
ng
,
co
ug
h,
dys
pne
a,
con
vul
sio
ns,
abd
omi
nal
pai
n,
dia
rrh
ea,
hyp
ote
nsi
on
and
res
pir
ato
ry
fai
lur
e
(Sc
hro
ede
r,
197
4;
NAS
/NA
E,
197
3;
Rod
ier
,
197
1).
No
rec
ogn
ize
d
cas
es
of
non
-in
dus
tri
al
chr
oni
c
sel
eni
um
poi
son
ing
in
man
hav
e b
een
re
po
rt
ed
(S
ak
ur
ai
an
d
Ts
uc
hi
ya
,
19
75
).
Th
e
ca
rc
in
og
en
ic
po
te
nt
ia
l
of
se
le
ni
um
ha
s
be
en
wi
de
ly
in
ve
st
ig
at
ed
(Sc
hro
ede
r,
197
4).
Rec
ent
cri
tic
al
eva
lua
tio
ns
mad
e
of
the
se
ear
ly
stu
die
s
lea
ds
to
the
con
clu
sio
n
tha
t
the
re
are
ins
uff
ici
ent
hig
h
qua
lit
y
dat
a
to
al
lo
w
ev
al
ua
ti
on
of
th
e
ca
rc
in
og
en
ic
it
y
of
se
le
ni
um
co
mp
ou
nd
s
(WH
O,
19
75
;
Pal
mer
and
Ols
en,
197
4).
No
sug
ges
tio
n
tha
t
sel
eni
um
is
car
cin
oge
nic
in
man
can
be
fou
nd
in
the
ava
ila
ble
dat
a
(WH
O,
197
5).
Ant
ago
nis
m b
etw
een
tox
ici
ty
of
sel
eni
um
and
oth
er
met
als
has
bee
n
poi
nte
d
out
;
Lev
and
er
(19
73)
rev
iew
ed
the
act
ion
of
ars
eni
c
in
cou
nte
r-
act
ing
sel
eni
um
tox
ici
ty.
Sev
era
l
cas
es
in
whi
ch
cad
miu
m p
ois
oni
ng
is
de
cr
ea
se
d
by
se
le
ni
um
ar
e
li
st
ed
by
Pa
kk
al
a
gt
_§
1f
(19
72)
an
d
An
on
ym
ou
s
(1
97
2)
.
Th
e
ac
ti
on
ag
ai
ns
t
me
rc
ur
y
to
xi
ci
ty
ha
s
be
en
me
nt
io
ne
d
by
Ko
em
an
g£
_a
l,
(1
97
3)
.
Th
er
e
ar
e
ot
he
r
as
pe
ct
s
su
ch
as
th
e
in
te
rr
el
at
io
n-
sh
ip
wi
th
vi
ta
mi
n
E
an
d
po
ss
ib
le
te
ra
to
ge
ni
c
ef
fe
ct
s
(A
no
ny
mo
us
,
19
72
).
To
xi
ci
ty
du
e
to
se
le
ni
um
in
dr
in
ki
ng
wa
te
r
is
no
t
co
mm
on
,
pr
ob
ab
ly
be
ca
us
e
co
nc
en
tr
at
io
ns
in
wa
te
r
ar
e
ge
ne
ra
ll
y
lo
w,
an
d
ca
se
s
of
to
xi
ci
ty
to
liv
est
ock
are
usu
all
y
rel
ate
d
to
int
ake
wit
h
foo
d.
How
eve
r,
a
lev
el
of
9,
00
0
ug
/l
in
we
ll
wa
te
r
re
su
lt
ed
in
hu
ma
n
po
is
on
in
g
in
3 m
on
th
s
(B
ea
th
,
1962).
Wa
te
r
Qu
al
it
y
Cr
it
er
ia
19
72
(N
AS
/N
AE
,
19
73
)
su
gg
es
ts
a
li
mi
t
of
10
ug
/l
of
to
ta
l
se
le
ni
um
in
dr
in
ki
ng
wa
te
r
as
su
mi
ng
th
at
tw
o
li
tr
es
of
wa
te
r
ar
e
in
ge
st
ed
pe
r
pe
rs
on
pe
r
da
y.
Th
is
re
co
mm
en
da
ti
on
is
al
so
ac
ce
pt
ed
by
WH
O,
U.
S.
A.
,
Ca
na
da
an
d
U.
S.
S.
R.
wh
er
ea
s
so
me
Eu
ro
pe
an
co
un
tr
ie
s
su
ch
as
Fr
an
ce
us
e
a
50
ug
/l
li
mi
t
on
se
le
ni
um
in
po
ta
bl
e
wa
te
r.
Th
e
U.
S.
Na
ti
on
al
Ac
ad
em
y
of
Sc
ie
nc
es
(N
AS
/N
AE
,
19
73
)
re
co
mm
en
ds
th
at
th
e
up
pe
r
li
mi
t
fo
r
se
le
ni
um
in
wa
te
r
gi
ve
n
to
li
ve
st
oc
k
be
50
ug
/l
.
Th
is
fi
gu
re
is
al
so
us
ed
by
th
e
On
ta
ri
o
Mi
ni
st
ry
of
th
e
Environment (1974).
Bo
we
n
(1
96
6)
ha
s
de
sc
ri
be
d
se
le
ni
um
as
mo
de
ra
te
ly
to
xi
c
to
pl
an
ts
(t
ox
ic
ef
fe
ct
s
at
co
nc
en
tr
at
io
ns
be
tw
ee
n
1
an
d
10
0
mg
/l
in
th
e
nu
tr
ie
nt
so
lu
ti
on
).
Th
is
ap
pe
ar
s
to
ap
pl
y
to
fr
es
hw
at
er
al
ga
e
as
we
ll
.
Th
e
co
n—
ce
nt
ra
ti
on
s
of
se
le
ni
te
ca
us
in
g
95
%
gr
ow
th
in
hi
bi
ti
on
of
An
ab
ae
na
va
ri
ab
il
is
an
d
An
ac
ys
ti
s
ni
du
la
ns
we
re
20
an
d
70
mg
/l
,
re
sp
ec
ti
ve
ly
(K
um
ar
an
d
Pr
ak
as
h,
19
71
).
Se
le
na
te
pr
od
uc
ed
th
e
sa
me
re
su
lt
s
wi
th
th
es
e
sp
ec
ie
s
at
30
an
d
50
mg
/l
,
re
sp
ec
ti
ve
ly
.
Ku
ma
r
(1
96
4)
sh
ow
ed
_t
ha
t
gr
ow
th
of
An
ac
ys
ti
s
ni
du
la
ns
,
a
bl
ue
gr
ee
n
al
ga
wa
s
al
so
co
mp
le
te
ly
in
hi
bi
te
d
by
20
mg
/l
of
se
le
na
te
.
Ho
we
ve
r,
a
cu
lt
ur
e
of
th
is
al
ga
at
in
cr
ea
si
ng
E
co
nc
en
tr
at
io
ns
of
se
le
na
te
,
ov
er
se
ve
ra
l
ge
ne
ra
ti
on
s,
pr
od
uc
ed
a
to
le
ra
nt
st
ra
in
th
at
co
ul
d
gr
ow
in
25
0
mg
/l
of
se
le
na
te
.
Sc
en
ed
es
mu
s
sp.
ho
we
ve
r,
  
l
wa
s
mo
re
se
ns
it
iv
e
si
ng
s
2.
5
mg
/l
wa
s
le
th
al
(B
ri
ng
ma
n
an
d
Ku
hn
,
19
59
).
i
Li
tt
le
in
fo
rm
at
io
n
is
av
ai
la
bl
e
on
the
to
xi
ci
ty
of
se
le
ni
um
to
in
ve
rt
eb
ra
te
s,
bu
t
Da
ph
ni
a
sp.
ha
s
be
en
fo
un
d
to
be
as
se
ns
it
iv
e
as
Sc
en
ed
es
mu
s
sp.
wi
th
a
le
th
al
th
re
sh
ol
d
of
2.
5
mg
/l
.
(B
ri
ng
ma
n
an
d
Ku
hn
,
1959).
Ni
im
i
an
d
La
Ha
m
(1
97
5,
19
76
)
ha
ve
pu
bl
is
he
d
th
e
mo
st
co
mp
re
he
ns
iv
e
st
ud
ie
s
to
da
te
on
to
xi
ci
ty
of
se
le
ni
um
to
fi
sh
.
Ac
ut
e
st
ud
ie
s
(N
ii
mi
an
d
La
Ha
m,
19
76
)
in
di
ca
te
d
th
at
le
th
al
it
y
of
se
le
ni
um
to
ze
br
af
is
h
la
rv
ae
(B
ra
ch
yd
an
io
re
ri
o)
va
ri
ed
wi
th
th
e
se
le
ni
um
sa
lt
us
ed
.
Th
e
96
-h
ou
r
an
d
10
—d
ay
LC
so
's
(T
ab
le
7)
in
di
ca
te
th
at
se
le
na
te
sa
lt
s
ar
e
le
ss
to
xi
c
than selenite salts.
Table 7
Ac
ut
e
to
xi
ci
ty
of
se
le
ni
um
sa
lt
s
to
ze
br
af
is
h
la
rv
ae
(f
ro
m
Ni
im
i
an
d
La
Ha
m,
1976).
I
*
96
—h
r.
LC
5 o
10
—d
ay
LC
5 0
K
(m
g/
l)
(m
g/
1)
se
le
ni
Um
di
ox
id
e
20
5
so
di
um
se
le
ni
te
23
4
po
ta
ss
iu
m
se
le
ni
te
15
=2
so
di
um
se
le
na
te
82
40
po
ta
ss
iu
m
se
le
na
te
81
50
:
T
h
e
s
e
s
a
l
t
s
a
r
e
t
h
e
m
o
s
t
c
o
m
m
O
n
f
o
r
m
s
n
o
r
m
a
l
l
y
o
c
c
u
r
r
i
n
g
in
f
r
e
s
h
w
a
t
e
r
s
.
T
h
e
s
e
l
e
n
i
d
e
s
,
s
e
l
e
n
o
m
e
t
h
i
o
n
i
n
e
a
n
d
s
e
l
e
n
o
c
y
s
t
i
n
e
,
w
e
r
e
a
l
s
o
s
h
o
w
n
to
b
e
t
o
x
i
c
.
S
e
l
e
n
o
c
y
s
t
i
n
e
w
a
s
a
b
o
u
t
as
t
o
x
i
c
a
s
t
h
e
s
e
l
e
n
a
t
e
s
a
n
d
s
e
l
e
n
o
m
e
t
h
i
o
n
i
n
e
w
a
s
m
o
r
e
t
o
x
i
c
.
R
e
l
i
a
b
l
e
L
c
s
o
'
s
f
o
r
s
e
l
e
n
i
d
e
s
c
o
u
l
d
n
o
t
b
e
c
a
l
c
u
l
a
t
e
d
,
h
o
w
e
v
e
r
,
d
u
e
t
o
a
l
o
s
s
o
f
c
o
m
p
o
u
n
d
s
f
r
o
m
t
h
e
s
o
l
u
t
i
o
n
p
e
r
h
a
p
s
d
u
e
t
o
b
i
o
l
o
g
i
c
a
l
a
c
t
i
o
n
.
B
i
o
l
o
g
i
c
a
l
a
c
t
i
o
n
w
a
s
a
l
s
o
a
p
r
o
b
l
e
m
i
n
e
a
r
l
y
e
x
p
e
r
i
m
e
n
t
s
w
i
t
h
i
n
o
r
g
a
n
i
c
c
o
m
p
o
u
n
d
s
.
I
t
w
a
s
n
o
t
i
c
e
d
t
h
a
t
b
a
c
t
e
r
i
a
l
s
l
i
m
e
s
i
n
t
e
s
t
1?
c
o
n
t
a
i
n
e
r
s
c
o
u
l
d
p
r
o
d
u
c
e
a
h
i
g
h
l
y
t
o
x
i
c
,
u
n
i
d
e
n
t
i
f
i
e
d
o
r
g
a
n
i
c
s
e
l
e
n
i
u
m
*
c
o
m
p
o
u
n
d
.
D
a
i
l
y
c
l
e
a
n
i
n
g
a
l
l
e
v
i
a
t
e
d
t
h
e
p
r
o
b
l
e
m
b
u
t
i
t
s
u
g
g
e
s
t
e
d
t
h
a
t
h
a
z
a
r
d
o
u
s
t
r
a
n
s
f
o
r
m
a
t
i
o
n
s
o
f
i
n
o
r
g
a
n
i
c
t
o
o
r
g
a
n
i
c
s
e
l
e
n
i
u
m
c
o
m
p
o
u
n
d
s
m
i
g
h
t
o
c
c
u
r
i
n
a
q
u
a
t
i
c
s
y
s
t
e
m
s
.
9+
N
i
i
m
i
a
n
d
L
a
H
a
m
(
1
9
7
5
)
h
a
v
e
a
l
s
o
s
t
u
d
i
e
d
t
h
e
t
o
x
i
c
i
t
y
o
f
s
e
l
e
n
i
u
m
d
i
o
x
i
d
e
t
o
z
e
b
r
a
f
i
s
h
e
m
b
r
y
o
s
.
E
m
b
r
y
o
s
w
e
r
e
q
u
i
t
e
r
e
s
i
s
t
a
n
t
a
n
d
c
o
n
c
e
n
-
t
r
a
t
i
o
n
s
u
p
t
o
1
0
m
g
/
l
h
a
d
n
o
e
f
f
e
c
t
o
n
h
a
t
c
h
i
n
g
.
T
h
i
s
w
a
s
p
r
o
b
a
b
l
y
d
u
e
t
o
t
h
e
e
x
t
r
e
m
e
l
y
l
o
w
p
e
r
m
e
a
b
i
l
i
t
y
o
f
t
h
e
e
g
g
m
e
m
b
r
a
n
e
.
L
a
r
v
a
e
,
b
y
111
  
 
co
mp
ar
is
on
,
we
re
qu
it
e
se
ns
it
iv
e
an
d
hi
gh
mo
rt
al
it
y
wa
s
ob
se
rv
ed
at
co
nc
en
tr
at
io
ns
as
lo
w
as
3
mg
/l
af
te
r
10
da
ys
.
No
ef
fe
ct
wa
s
ob
se
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from Lake Michigan zooplankton were highest downwind of industrialized
areas, although this was not reflected in the sediments. Concentrations
in the sediments were uniformly less than 0.5 ug/g, whereas, concen—
trations in zooplankton increased from 1 ug/g in uncontaminated areas to
7 ug/g in contaminated waters. Elimination of selenium by fish has
not been studied but there appears to be no correlation of selenium with
size, sex or age of fish (Pakkala gt al., 1974). Therefore, selenium may
be excreted in a similar fashion as determined in humans. A normal
human intake of 0.06 to 0.15 mg/day is balanced by an output of 0.03 mg
in faeces, 0.05 mg in urine, and 0.08 mg in sweat, air and hair (Schroeder
g£_alf, 1970).
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ZINC i
RECOMMENDATION V
It is recommended that the following new objective for zinc be J
adop
ted:
,ﬂ
Concentrations of total zinc inan unfiltered water sample should not
exceed 30 micrograms per litre to protect aquatic life.
RATIONALE
Zinc, in various forms is used in metallurgy, metal fabricating,
metal coatings, batteries, paint and varnish, industrial chemicals,
rubber, soaps, medicines and pulp and paper production. In 1968, over
1,356 million pounds were used for these purposes in the Great Lakes
basin (Fenwick, 1972). Zinc may enter the Great Lakes as a result of
these uses in addition to inputs from mining and smelting of zinc ore,
corrosion of metallic zinc and fallout from atmospheric contamination
resulting from the burning of zinc—containing fossil fuels.
Zinc is quite soluble in water and weathering of rocks containing
zinc contribute soluble forms to water (Fenwick, 1972). Offshore in the
Great Lakes, modal concentrations of zinc are less than 10 ug/l, and 95%
of samples contain less than 40 pg/l (Table 4). However, the mean zinc
concentrations range from 1.8 to 28.2 ug/l. At water intakes, the mean
zinc
conc
entr
atio
ns a
re g
ener
ally
less
than
45 u
g/l
exce
pt i
n La
ke E
rie
at
Buf
fal
o,
whe
re
the
mea
n i
s 1
78
ug/
l.
Hig
h c
onc
ent
rat
ion
s h
ave
bee
n
obs
erv
ed
at
the
St.
Mar
y's
Riv
er,
the
out
let
of
Lak
e S
upe
rio
r,
at
Buf
fal
o
(La
ke
Eri
e)
and
at
Mas
sen
a
(ou
tle
t o
f L
ake
Ont
ari
o)
(Ta
ble
5).
At
Buf
fal
o,
con
sis
ten
tly
hig
h v
alu
es
sug
ges
t l
oca
l z
inc
out
put
s n
ear
the
wat
er
int
ake
.
Bec
aus
e z
inc
use
is
so
wid
esp
rea
d,
sam
ple
con
tam
ina
tio
n
may be a problem.
Zin
c
is
an
ess
ent
ial
ele
men
t
for
bot
h
pla
nts
and
ani
mal
s.
It
is
a
co
ns
ti
tu
en
t
of
ma
ny
me
ta
ll
oe
nz
ym
es
an
d
of
se
ve
ra
l
pr
ot
ei
ns
of
un
kn
ow
n
fu
nc
ti
on
(B
ow
en
,
19
66
).
Zi
nc
is
ne
ce
ss
ar
y
fo
r
re
pr
od
uc
ti
on
,
gr
ow
th
,
fo
rm
at
io
n
of
DN
A
an
d
RN
A,
fo
rm
at
io
n
of
th
e
eye
,
an
d
pr
ev
en
ti
on
of
a
fa
ta
l
sk
in
di
se
as
e
of
pi
gs
.
It
al
so
pr
om
ot
es
wo
un
d
he
al
in
g
an
d
pr
ev
en
ts
sy
mp
to
ms
of
po
or
bl
oo
d
su
pp
ly
in
th
e
le
gs
th
at
re
su
lt
s
fr
om
ha
rd
en
in
g
of
the arteries (Schroeder, 1974).
Zi
nc
to
xi
ci
ty
to
la
nd
pl
an
ts
is
ra
re
an
d
is
us
ua
ll
y
ob
se
rv
ed
on
so
il
s
en
ri
ch
ed
wi
th
zi
nc
as
a
re
Su
lt
of
mi
ni
ng
op
er
at
io
ns
(B
ow
en
,
19
66
).
Zi
nc
is
re
la
ti
ve
ly
no
n-
to
xi
c
to
ma
n.
Ho
we
ve
r,
wh
en
zi
nc
me
ta
l
is
he
at
ed
,
zi
nc
ox
id
e
fu
me
s
ma
y
be
ev
ol
ve
d
th
at
ca
n
ca
us
e
"b
ra
ss
ch
il
ls
"
or
"b
ra
ss
fo
un
de
rs
ag
ue
".
Di
re
ct
do
se
s
of
so
lu
bl
e
zi
nc
sa
lt
s
ca
n
ca
us
e
na
us
ea
an
d
vo
mi
ti
ng
(F
en
wi
ck
,
19
72
).
Ho
we
ve
r,
pr
ol
on
ge
d
co
ns
um
pt
io
n
of
wa
te
r
co
nt
ai
ni
ng
up
to
40
,0
00
ug
/l
zi
nc
ha
s
be
en
re
po
rt
ed
wi
th
no
ha
rm
fu
l
ef
fe
ct
s
on
117
 
 ,
A
H
a
w
k
s
.
«
-
.
1
1
.
.
.
“
,
,
 
«
w
e
r
a
~
¢
w
.
a
:
A
H
A
A
A
.
a
‘
-
-
   
hum
ans
(NA
S/N
AE,
197
3).
Con
seq
uen
tly
, t
he
U.S.
dri
nki
ng
wat
er
rec
om—
men
dat
ion
is
bas
ed
on
tas
te
and
has
bee
n s
et
at
5,0
00
ug/
l
(NA
S/N
AE,
197
3).
The
max
imu
m p
erm
iss
ibl
e l
imi
t i
n d
rin
kin
g w
ate
r i
n C
ana
da
is
als
o
5,0
00
pg/
l b
ut
the
obj
ect
ive
is
les
s t
han
1,0
00
ug/
l (
DNHW
, 1
969
).
Con
cen
tra
tio
ns
of
zin
c i
nhi
bit
ing
gro
wth
of
fre
shw
ate
r a
lga
e g
ene
ral
ly
ran
ge
bet
wee
n 1
,00
0 a
nd
10,
000
ug/
l
(Wo
ng,
197
5).
How
eve
r,
gro
wth
inh
i-
bit
ion
of
mor
e s
ens
iti
ve
spe
cie
s s
uch
as
Oed
ogo
nig
m_s
p.,
Cla
dop
hor
a
glo
mer
ata
and
Sel
ena
str
um
cap
ric
orn
utu
m h
as
occ
urr
ed
at
220,
240
and
700
ug/
l,
res
pec
tiv
ely
(Wh
itt
on,
197
0;B
arl
ett
gt
gl,
, 1
974
).
Aqu
ati
c i
nve
rte
bra
tes
are
mor
e s
ens
iti
ve
to
zin
c t
han
alg
ae.
Dap
hni
a
mag
na
exp
ose
d t
o z
inc
for
thr
ee
wee
ks
exh
ibi
ted
50%
mor
tal
ity
at
158
ug/
l a
nd
50%
and
16%
inh
ibi
tio
n o
f r
epr
odu
cti
on
at
102
ug/
l a
nd
70
ug/
l,
res
pec
tiv
ely
(Bi
esi
nge
r a
nd
Chr
ist
ens
en,
197
2).
Wat
er
har
dne
ss
and
alk
ali
nit
y w
ere
45.
3 a
nd
43.
3 m
g/l
, r
esp
ect
ive
ly.
In
Lak
e E
rie
wat
er,
wit
h a
har
dne
ss
and
alk
ali
nit
y o
f 1
23
and
91
mg/
l,
res
pec
tiv
ely
, t
he
64-
hou
r E
C50
for
imm
obi
liz
ati
on
of
Dap
hni
a m
agn
a w
as
les
s t
han
150
ug/
l
(Anderson, 1948).
Fis
h a
re
mor
e s
ens
iti
ve
to
zin
c
tha
n o
the
r a
qua
tic
org
ani
sms
.
Sub
let
hal
exp
osu
res
of
zin
c f
or
fat
hea
d m
inn
ows
in
Lak
e S
upe
rio
r w
ate
r (
har
dne
ss
45
mg/
l,
alk
ali
nit
y,
42
mg/
l)
cau
sed
red
uce
d e
gg
pro
duc
tio
n d
uri
ng
spa
wni
ng
at
180
ug/
l.
No
eff
ect
was
obs
erv
ed
at
30
ug/
l
(Br
ung
s,
196
9).
In
sim
ila
r w
ate
r,
fla
gfi
sh
(Jo
rda
nel
la
flo
rid
ae)
wer
e m
ore
sen
sit
ive
tha
n f
ath
ead
min
now
s.
Eig
hty
per
cen
t m
ort
ali
ty
of
lar
vae
of
fla
gfi
sh
occ
urr
ed
at
85
ug/
l z
inc
and
onl
y 1
0%
at
51
ug/l
.
How
eve
r,
if
the
lar
vae
had
bee
n p
re-
exp
ose
d a
s e
mbr
yos
to
the
tes
t c
onc
ent
rat
ion
s o
f z
inc
, t
hey
wer
e m
ore
tol
era
nt
of
the
zin
c.
Com
ple
te
mor
tal
ity
occ
urr
ed
at
267
ug/
l,
20—
30%
occ
urr
ed
at
139
ug/
l
and
0—2
0%
occ
urr
ed
at
75
ug/
l
or
les
s
(Sp
eha
r,
unp
ubl
ish
ed
man
usc
rip
t).
Rai
nbo
w t
rou
t f
ry
als
o d
ie
at
low
con
cen
tra
tio
ns.
In
wat
er
of
26
mg/
l h
ard
nes
s a
nd
25
mg/
l a
lka
lin
ity
,
una
ccl
ima
ted
tro
ut
had
a l
ZO—
hr
LCs
o o
f 1
35
ug/
l w
hil
e t
hos
e p
re-
exp
ose
d
as
egg
s h
ad
an
LC5
0 g
rea
ter
tha
n 5
26
ug/
l.
Bas
ed
on
lin
ger
ing
mor
tal
ity
of
pre
—ex
pos
ed
tro
ut,
the
saf
e—u
nsa
fe
con
cen
tra
tio
ns
wer
e 1
35—
251
ug/
l
(Go
ett
l,
gt_
g1.
, 1
973
).
Rep
rod
uct
ion
of
blu
egi
lls
was
aff
ect
ed
by
zinc
.
Dec
rea
sed
spa
wni
ng
and
com
ple
te
mor
tal
ity
of
fry
occ
urr
ed
at
235
ug/
l,
whi
le
no
eff
ect
was
see
n a
t 7
6 u
g/l
.
Har
dne
ss
and
alk
ali
nit
y w
ere
51
and 41 mg/l, respectively (Sparks gt_§l., 1972).
Avo
ida
nce
of
zin
c m
ay
pre
ven
t r
epr
odu
cti
on
of
Atl
ant
ic
sal
mon
.
In
the
lab
ora
tor
y,
juv
eni
le
sal
mon
avo
ide
d 5
4 u
g/l
zin
c,
whi
le
in
the
fie
ld,
mig
rat
ion
of
adu
lts
was
pre
ven
ted
by
abo
ut
240
ug/
l (
Spr
agu
e 2
3
21.
, 1
965
) I
n t
he
fie
ld,
the
re
wer
e a
lso
19
ug/
l c
opp
er
in
the
wat
er.
The
hig
her
eff
ect
ive
con
cen
tra
tio
n o
f z
inc
cou
ld
be
due
to
the
age
of
the
fis
h o
r t
o t
he
int
era
cti
on
bet
wee
n z
inc
and
cop
per
or
som
e o
the
r c
ons
tit
uen
t
of
nat
ura
l w
ate
rs.
Gro
wth
of
Pho
xin
us
pho
xin
us
in
wat
er
wit
h 6
3 m
g/l
alk
ali
nit
y w
as
red
uce
d a
t 1
30
ug/
l z
inc
but
not
at
50
ug/
l (
Ben
gts
son
,
1974).
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copper and cadmium. At a hardness of 207 mg/l, alkalinity of 154 mg/l,
copper of 6.7 ug/l, and cadmium of 7.1 ug/l, 42.3 ug/l of zinc was
associated with reduced spawning of fathead minnows. When copper, .
cadmium and zinc were 5.3, 3.9 and 27.3 ug/l, respectively, reproduction Q
was unaffected (Eaton, 1973). Therefore, a safe concentration of zinc
for fathead minnows was 30 ug/l in soft water (Brungs, 1969) and 27.3
ug/l in hard water in the presence of added copper and cadmium (Eaton,
1973). However, in Eaton's (1973) study, it cannot be stated that the
effects observed were solelydue to zinc. Nevertheless, concentrations
of zinc causing sublethal harm to aquatic biota do not appear to vary
significantly with hardness or alkalinity.
Sublethal toxicity to zinc may be enhanced when in combination with 1
The average zinc content of Great Lakes fish ranged from 11—20
ug/g in fish fillets (Uthe and Bligh, 1971) and from 11—48 ug/g in
fish livers (Lucas gt a1., 1970). From these data there appeared to be
little variation in zinc content in fish with location within species.
In contrast, Brown and Chow (1975) showed that the average concentration
of zinc in fish muscle across 7 species of fish from Baie du Dore, Lake
Huron, was 4.69 ug/g while the average across 11 species from Toronto
Harbour was 36.02 ug/g. This suggests that levels may be influenced
by local contamination. Experimental exposures of fish to 65Zn in water
indicated maximum accumulation in the gills and kidney. Following injection,
maxi
mum
accu
mula
tion
occu
rred
in b
ody
tiss
ues,
such
as k
idne
y, h
epat
o—
panc
reas
, h
eart
, in
test
ine,
gill
and
scal
es
(Sai
ki a
nd M
ori,
1955
).
Ther
efor
e,
the
rout
e of
upta
ke w
ill
affe
ct d
istr
ibut
ion.
Saik
i an
d Mo
ri
(19
55)
did
not
fol
low
con
cen
tra
tio
n o
r l
oca
tio
n b
eyo
nd
48
hou
rs
of
exp
o—
sur
e,
nor
aft
er
tra
nsf
err
al
to
cle
an
wat
er.
Mou
nt
(196
8)
fou
nd
tha
t t
he
rat
io
of
zin
c i
n g
ill
s t
o z
inc
in
bon
es
was
rel
ati
vel
y c
ons
tan
t i
n f
ish
exp
ose
d t
o l
ow
lev
els
of
zin
c.
Thi
s i
ndi
cat
ed
equ
al
rat
es
of
dep
osi
tio
n
in
the
se
tis
sue
s.
In
fis
h e
xpo
sed
to
let
hal
zinc
con
cen
tra
tio
ns,
the
rat
io
inc
rea
sed
dra
mat
ica
lly
as
the
gil
ls
too
k u
p z
inc
qui
ckl
y.
In
fis
h
kil
led
by
zin
c,
the
rat
io
exc
eed
ed
a d
efi
nit
e
thr
esh
old
.
For
fis
h
sub
jec
t
to
sub
let
hal
zin
c
int
oxi
cat
ion
,
the
re
is,
as
yet
,
no
dat
a r
ela
tin
g
ti
ss
ue
co
nc
en
tr
at
io
ns
to
pa
rt
ic
ul
ar
to
xi
c
ef
fe
ct
s.
Th
er
ef
or
e,
in
vi
ew
of
th
e
gr
ea
t
se
ns
it
iv
it
y
of
fi
sh
to
lo
w
co
nc
en
-
tr
at
io
ns
of
zi
nc
,
an
ob
je
ct
iv
e
of
30
ug
/l
zi
nc
is
re
co
mm
en
de
d
fo
r
th
e
Great Lakes.
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ii) OTHERS
FLUORIDE
 
RECOMMENDATION
It is recommended that the following new objective for fluoride be
adopted:
Concentrations of total fluoride in an unjiltered water sample shouZd
not exceed Z.2 milligrwns per Ziire to protect raw waters for public
water suppZies.
RATIONALE
Fluorine, chemically bound as fluoride, is the 17th most abundant element
in the earth's crust. It occurs in both igneous and sedimentary rocks and
enters surface waters mainly through the weathering process of these rocks
(Kilham and Becky, 1973). The main fluorine—containing minerals are
fluorspar (Can), cryolite (NagAlFe) and fluorapatite [CagF(P04)J].
The fluoride cycle involves passage to and from the atmosphere, hydro—
sphere, lithosphere and biosphere. It has been estimated that 6,000 tons of
fluoride are contained in the 30 million tons of soil distributed in the
atmosphere each year in the United States (NAS/NRC 1971). Industrial sources
to the atmosphere and surface waters have been steadily increasing over
the past hundred years with the processing of new materials from the earth's
crust. These industrial sources include manufacture of aluminum; steel;
brick and tile products; phosphorus fertilizer and coal fired electric power
generation“ Fluoride is also used as a pesticide and for many other commerical
purposes. It has been estimated that approximately 120,000 tons of fluoride
were emitted to the atmosphere in the United States in 1968 from industrial ,
operations. A large portion of these particulates and gases are removed Q
from modern plants practising good emission control by the use of filters,
electrostatic precipitators and various wet—scrubbing systems (NAS/NRC, §
1971)
.
I
Groth (1975) estimated that the phosphate and aluminum industries dis-
charge between 10,000 to 35,000 tons of fluoride into United States surface
waters annually. He also estimates that fluoridation practices in municipal
water supplies add another 20,000 tons each year.
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0
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Fluoride concentrations have been observed to increase with high
river flows (Baker and Kramer, 1971), below municipal wastewater discharges
(Bahls, 1973), and in the vicinity of phosphate—mining operations (Moore,
1971).
It is also interesting to note that fluoride is considered one of the
main ligands responsible for keeping beryllium, aluminum, scandium,
niobium, tantalum, iron and tin in solution in natural waters (Pitwell,
1974).
Drinking Water Supplies
   
Fluoride in drinking water for domestic animals generally has the
same effect as in man. Concentrations less than 2 mg/l generally have no
effect. Levels higher than this can cause mottling of teeth and extremely
high intakes can cause skeletal fluorosis. Since food is the major source
of fluoride intake by domestic animals, it has been suggested that con~
centrations in forage averaging 40 ug/g or less will not cause significant
fluorosis (NAS/NRC, 1971). It has been reported that 4 to 5 mg/l of
fluoride in drinking water resulted in observable effects in cattle in
the form of dental lesions, mottling, staining and abnormal wearing of the
teeth. Thorough examination, however, established that these effects were
insignificant in the health, vitality, reproduction or milk production of
the animals (Neeley and Harbaugh, 1954). Even when cattle receive large
amounts of fluoride neither their flesh nor their milk pass it along the
food chain to man. The body burden they do accumulate is almost entirely
in their bones (NAS/NRC, 1974). NAS/NAE (1973) recommends an upper limit
for fluoride in livestock drinking water of 2 mg/l for prevention of
excessive teeth mottling.
Fluoride is often added to domestic water supplies to a level in the
distribution system of 1.0 mg/l to prevent dental caries. Water containing
less than about 1 mg/l will seldom cause mottling of teeth even in the most
susceptible children. Levels sufficient to cause other health problems
will not be encountered in a water supply fit to drink, but could only be
accumulated through a large intake of drinking water.
The World Health Organization European Drinking Water Standards recommend
an upper fluoride drinking water limit of 1.5 mg/l.
The United States Public Health Service Drinking Water Standards
(1962) specify the same standard for drinking water as does Ontario,
Canada (1974)._ These standards, for the Great Lakes Basin, are 1.3 mg/l
in each case. The Canadian Drinking Water Standards (DNHW, 1969) specify
a fluoride concentration in drinking water of 1.2 mg/l.
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All vegetation contains some fluoride due to uptake from soil and
wat
er.
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 subjected rainbow trout to 30 different combinations of fluoride and
calcium concentrations ranging from O to 25 mg/l fluoride and 0 to 25
mg/l calcium. From these bioassays they determined the antagonistic
relationship between fluoride and calcium and expressed it in an equation.
Applying their equation for calcium/fluoride antagonism to Lake Superior
water with a calcium concentratiOn of 13 mg/l the LC50 for rainbow trout
is 26 mg/l fluoride (Appendix 1, page 132). The LC50 they determined for
rainbow trout eggs (237 to 381 mg/l) was very high compared with earlier
observations by Ellis et_al. (1948) indicating that 1.5 mg/l delayed
hatching and caused a poorer hatch. Neuhold and Sigler (1960) also found
that rainbow trout embryos and fry aremore sensitive than eggs to fluoride.
The 34mday LUgO was between 61 and 85 mg/l. In bioassays of the more
tolerant carp they found an LC50 between 71 and 91 (95% confidence level)
at temperatures ranging between 18 and 24C. The carp ranged from 10 to
33 cm in SiZe.
Bioassays by Herbert and Shurben (1964) using rainbow trOut showed
a 96~hour LCRO of about 18 mg/l in very soft water (hardness 12 mg/l).
However, the authors concluded that waters with a greater hardness sign—
ificantly reduced the toxicity of fluoride. They further stated that
1.0 mg/l fluoride would have only a negligible toxic effect on a trout
population.
Wallen et a1. (1957) found the mosquitofish Gambusia affinis survived
fluoride concentrations of 560 mg/l and lower in turbid water with an
alkalinity of less than 100 mg/l. The 96-hour L050 was 925 mg/l. Ellis
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 APPENDIX I * FLUORIDE OBJECTIVE
EXTRAPOLATION OF LC50 USING CALCIUM CONTENT OF LAKE SUPERIOR
WATER AND NEUHOLD'S EQUATION FOR CALCIUM/FLUORIDE
ANTAGONISM
y = 2.33 + 2.03 X
where y = probits — use 5, which is LC50
x = (Log F — Log Ca + 1)
5 = 2.33 + 2.03 (Log F — Log Ca + 1) Ca (ppm) = 13
(Log F = 1.11 + 1) Log 13 = 1.11
5 = 2.33 + 2.03 (Log F — .11)
5 - 2.33 = 2.03 (Log F) — .11 X 2.03
2.67 2.03 (Log F) — .22
I
I
2.89
2.03 (Log F)
2.89 + 2.03 = Log F
1.42
I
I
Log F
26.0
F cone. in mg/l
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 (2)
NON—PERSISTENT
TOXIC
SUBSTANCES
(a) ORGANIC
(i) PESTICIDES
GENERAL OBJECTIVE
RECOMMENDATION
Concentrations
of
unspecified,
non—persistent
pesticides
should
not
exceed
0.05
of
the
median
lethal
concentration
in
a
96—hour
test
for
any
sensitive
local
species.
 
A
persistent
compound
has
been
defined
(Great
Lakes
Water
Quality
Board,
1974)
as
one
which
either
a)
by
itself
or
as
its
transformation
product,
has
a
half-life
for
degradation
under
natural
environmental
conditions
of
more
than
eight
weeks,
or
b)
by
itself
or
as
its
trans—
K
formation
products,
on
entering
surface
waters
may
bioconcentrate
in
‘
the
biota
of
the
receiving
waters.
Most
of
the
toxic
substances
dealt
x
with
under
the
category
of
persistent
organic
contaminants
were
organ-
?!
ochlorine
pesticides
but
there
is
a
substantial
number
of
biocides,
‘
particularly
the
organo-phosphates
and
carbamates
which
do
not
meet
this
definition
but
are
of
concern
because
of
their
actual
or
potential
effects
=i
on
biota
in
the
Great
Lakes
region.
Where
established
standards
for
raw
water
supplies
are
limiting,
the
objective
for
any
substance
(persistent
or
not)
will
be
based
upon
such
‘j
standards,
but
these
are
generally
not
the
most
restrictive
use.
Rather,
;;
it
will
more
likely
be
aquatic
life
which
represents
the
most
stringent
use
is
and
objectives
should
be
set,
therefore,
to
protect
all
life
stages
of
the
»i§
most
sensitive
species
identified.
3 1
p
In
establishing
objectives
to
protect
aquatic
life
from
any
toxic
:
wt
substance,
the
preferred
approach
is
to
use
data
derived
from
chronic,
‘:
'
long-term
tests
on
at
least
one
generation
of
a
sensitive
test
organism.
‘
;.§'
Accordingly,
the
approach
adopted
here
is
to
establish
objectives
for
those
1
' ﬁi
specific
pesticides
for
which
low
level,
long—term
chronic
testing
has
been
;
conducted.
Where
scientifically
determined
"no—effect"
levels
are
available,
ﬁg
these
levels
shall
be
recommended
as
the
specific
numerical
objective;
but
'
where
such
levels
have
not
been
determined,
objectives
will
be
established
.3,
by
applying
an
arbitrary
safety
factor
of
0.2
to
the
lowest
concentration
'
which
produced.a
subtle
effect
(e.g.,
reduction
in
reproductivr
'nccess)
on
an
appropriate
test
organism.
This
latter
approach
should
prv
f:
a
realistic
estimate
of
"safe"
levels,
and
is
consistent
with
the
philosoph;
established
.
earlier
for
the
establishment
of
objectives
for
persistent
substances.
33
Where
neither
the
"no-effect"
nor
the
estimated
"safe"
levels
have
been
E;
determined
and
where
there
are
indications
of
potential
and
significant
A
"‘
inputs
to
the
Great
Lakes
basin,
it
is
recommended
that
protection
be
.d
Vi
afforded
aquatic
life
through
the
use
of
a
0.05
safety
factor
applied
to
'3
the
96—hour
LCso
for
the
pesticide
for
sensitive
local
species.
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 It should be recognized that the preceding approach will significantly
restrict the number of specific pesticides regulated within this category
of substances, as an inadequate scientific data base exists for most of them
to permit the establishment of defensible numerical objectives. For this
reason, the use of the arbitrary safety factorof 0.05 times the 96 hour
LC50 is employed. Objectives based on this latter procedure may be inadequate
to protect aquatic life from a variety of deleterious sublethal effects or
conversely, it may be unduly restrictive. Such a procedural objective is
intended only as a temporary measure and not as a substitute for the
requisite testing necessary to establish scientifically defensible objectives.
The presence of some of the organophosphorus pesticides has been
investigated in the upper GreatLakes (Glooschenko g£_al., 1976) but none
have been observed. While many of the compounds are not "persistent", they
may survive long enough in localized areas to cause deleterious effects —
eith
er a
t ac
ute
leve
ls o
r th
roug
h ac
cumu
lati
on
of b
iolo
gica
l ef
fect
s.
The
usag
e/di
scha
rge
patt
erns
are
unkn
own
for
most
of t
hese
subs
tanc
es a
nd,
to d
ate,
no
pre
ssi
ng
pro
ble
ms
hav
e b
een
not
ed,
at
lea
st
on
a b
asi
n b
asi
s.
It
is
pos
sib
le,
how
eve
r,
to
con
cei
ve
of
cha
ngi
ng
pat
ter
ns
suc
h t
hat
loc
ali
zed
exp
osu
re
to
the
se
com
pou
nds
mig
ht
lea
d t
o u
nde
sir
abl
e l
eve
ls.
Suc
h e
xpo
sur
e
cou
ld
com
e a
bou
t t
hro
ugh
dir
ect
app
lic
ati
on
in
spr
ayi
ng
pro
gra
mme
s a
nd
acc
ide
nta
l s
pil
lag
e,
via
sur
fac
e r
uno
ff
or
lea
chi
ng,
and
wit
h d
isc
har
ges
in
man
ufa
ctu
rin
g o
per
ati
ons
.
It
is
to
pro
tec
t a
gai
nst
the
se
eve
ntu
ali
tie
s
that objectives are being formulated here.
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DIAZINON
RECOMMENDATION
The concentration of Diazinon in an unfiltered water sample should
not
exceed
0.08
micrograms
per
litre
for
the
protection
of
aquatic
life.
RATIONALE
Diazinon is the common name for the organo—phosphate pesticide
diethyluz—isopropyl—6—methyl—4—pyrimidy1 phosphorothionate.
It is commonly
used to protect fruit trees, corn, tobacco and potatoes from sucking and
leaf—eating insects.
Diazinon is only slightly soluble in water
(40
milligrams/litre at room temperature),
and is stable in alkaline media,
but is readily hydrolyzed in water (Martin, 1971).
Available data indicate that the persistence of diazinon in aquatic
ecosystems is greatly influenced by pH.
Cowart
gE_al, (1971) demonstrated
that the half-life of diazinon in water at a pH of 6.0 was 14 days.
Miller
§£_al.
(1966) reported that 320 ug/l applied to a cranberry bog disappeared
completely within 6 days.
Gomaa g£_§l.
(1969) have indicated that the
.half-life of diazinon at pH values of 7.4, 9.0 and 10.4 was 184, 136 and
24 days, respectively.
As pH values of
7.4-9.0 are normally encountered
in waters of the Great Lakes system,
it is possible that diazinon has the
capability of persisting for up
to several months in aquatic ecosystems.
Because of the apparently conflicting data on its persistence, and as
organophosphate compounds are generally non—persistent
(i.e. half-life
less than 8 weeks), diazinon is considered under the category of non—persistent
pest control products.
Investigations of the accumulation rate of diazinon indicate that this
compound does not appreciably accumulate in biological tissue.
The Mummichog
(Fundulus heteroclitus) concentrated diazinon to a level of approximately
ten times the concentration in the surrounding water, but
that 50% of tissue
residue was lost in less than one week
(Miller gt 31,, 1966).
Allison and
Hermanutz
(manuscript)
reported that the accumulation factdr for diazinon in
fish is low
(compared to that observed for most organochlorine pesticides),
.and that the tissue concentration is directly proportional to water
concentrations.
There
is
currently
no
standard
in use
in
either
Canada
or
the
United
.States
which
specifies
maximum
permissible
concentrations
of
diazinon
in
raw public water supplies.
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Exposure
of
the
green
alga
Scenedesmus
quadricaudata
to
diazinon
concentrations
of
100
and
1,000
ug/l
produced
no effect
on
cell number,
photosynthesis,
or biomass
over
a
ten-day
study
(Stadnyk and
Campbell,
1971).
Studies of the toxicity of diazinon to fish are limited, and generally
report the results of acute exposures.
The 24—hour LCso for rainbow trout
(Salmo gairdneri) to diazinon was determined to be 380 ug/l at 13°C (Cope,
1965).
Cope (1966) reported that the 48-hr. LC50 for rainbow trout at 13°C
and bluegills (Lepomis macrochirus) at 24°C was 170 ug/l and 96 ug/l,
respectively.
Mean 96—hr L050 values for diazinon were reported to be
7,800, 460, 770 and 1,600 ug/l for fathead minnows (Pimephales promelas),
bluegills, brook trout (Salvelinus fontinalis), and flagfish (Jordanella
floridae) respectively (Allison and Hermanutz, manuscript).
The chronic effects of diazinon on fathead minnows and brook trout were
studies by Allison and Hermanutz (manuscript). Statistically significant
reductions in production rate for fathead minnows and brook trout were
observed at 3.2 and 0.55 ug/l (lowest concentrations tested). Exposure of
brook trout for 6—8 months to concentrations of diazinon varying from
0.55 — 9.6 ug/l resulted in equally reduced growth rates for progeny as
well as adults. For fathead minnow, the hatch of progeny was reduced by 30%
at a concentration of 3.2 ug/l. There is evidence that these effects on
the progeny were the result of parental exposure alone, and not diazinon
levels to which progeny were exposed following fertilization.
Available data indicate that the aquatic invertebrates are much more
acutely sensitive to diazinon than are fish. The 48—hour ECso (immobilization
value at 15°C) for water fleas (Simocephalus serrulatus and Daphnia pulex)
exposed to diazinon was 1.8 ug/l and 0.90 ug/l, respectively (Sanders and
Cope, 1966). Sanders (1969) has reported that the 96-hr LCso for Gammarus
lacustris was 200 ug/l. The 48—hour LC50 for the stonefly (Pteryonarcys
californica) has been demonstrated to range from 6 ug/l (FWPCA, 1968)
to 7.5 ug/l (Cope, 1966). The 96-hr. LC50 of diazinon for Acroneuria
lycorias has been reported to be 1.7 ug/l (NAS/NAE, 1973).
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Table 9- Toxicity of Diazinon to Aquatic
Invertebrates (NAS/NAE, 1973)
Organism 30-day LC§Q gug/l) 30-day no effect
(Ea/.1)
Gammarus pseudo—
limnaeus 0.27 0.20
Daphnia magna - 0.26
Pteronarcys dorsata 4.6 3.29
Acroneuria lycorias 1.25 0.83
Ophiogomphus
rupinsulensis 2.2 1.29
Hydropsyche bettoni 3.54 1.79
Ephemerella subvaria 1.05 0.42
 
No studies have been conducted to evaluate the chronic effects of
diazinon on reproduction and behaviour of invertebrates. Similarly, there
have been no complete life cycle studies to establish a "no4effect", or safe
concentration of diazinon for aquatic invertebrates.
Results from studies of the long-term acute toxicity of diazinon to
aquatic invertebrates indicate that an objective less than 0.20 ug/l would
protect invertebrates from exposure to concentrations which are directly
lethal. The unpublished work of Allison and Hermanutz would indicate that
0.55 ug/l of diazinon is sufficiently high to exert a negative effect on
brook trout productivity. In the absence of "no effect" concentrations
established through the conduct of complete life-cycle studies, and
information on the chronic toxicity of diazinon to invertebrates, it is
recommended that the objective for diazinon be derived by application of a
safety factor of 0.05 to the 96-hour LC50 for the most sensitive species.
A review of the data presented here indicates that Acroneuria lycorius
(96-hr Lcso of 1.7 ug/l) is the most sensitive organism. Accordingly,
it is recommended that concentrations of diazinon in water not exceed
0.08 ug/l to ensure protection of aquatic life. Available data on the
long—term acute toxicity, and studies of the chronic effect of diazinon on
brook trout, would indicate that this objective should protect sensitive
species of fish and aquatic invertebrates.
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tw
o
sp
ec
ie
s
of
cl
ad
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er
an
s.
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an
s.
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.
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.
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c.
95: 165-169.
St
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ny
k,
L.
,
an
d
R.
S.
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mp
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.
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71
.
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e
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d
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c
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ii) Other Compounds
OIL AND PETROCHEMICALS
RECOMMENDATION
It
is
recommended
that
the
following
revised
objective
for
Oil
and
Petrochemicals
be
adopted:
Oil
or
petrochemicals
should
not
be
present
in
concentrations
that:
(a)
can
be
detected
as
a
visible
film,
sheen,
or
discolouration
on
the
surface
(generally
any
amounts
equal
to
or
greater
than
l5
millilitres
per
l00
square
metres);
(b)
can
be
detected
by
odour;
(c)
can
cause
tainting
of
edible
aquatic
organisms;
(d)
can
form
deposits
on
shorelines
and
bottom
sediments
that
are
detectable
by
sight
or
odour,
or
are
deleterious
to
resident aquatic organisms;
(e) can
cause
concentrations
in
water
which
exceed
0.09
of
the
lethal
concentration
(96—hr
L050)
for
any
important
sensitive local organism.
EXISTING OBJECTIVE
The
above
objective
is
recommended
to
replace
the
existing
objective
for
oil,
petrochemicals
and
immiscible
Substances
presently
stipulated
in
Annex
1
of
the
Water
Quality
Agreement.
This
existing
objective
states:
"Oil,
Petrochemicals
and
Immiscible
Substances.
Waters
should
be
free
from
floating
debris,
oil,
scum
and
other
floating
materials
attributable
to
municipal,
industrial
or
other
discharges
in
amounts
sufficient
to
be
unsightly
or
deleterious."
RATIONALE
Amenities,
Waterfowl
and
Health
The
first
four
objectives
are
self—evident
on
the
basis
of
general
knowledge.
To
protect
aesthetic
values,
water
and
shoreline
recreation,
all
four
objectives
are
required.
The
amount
of
oil
required
to
produce
a
visible
slick
will
vary
with
type
of
oil
and
weather
conditions.
However,
the
American
Petroleum
Institute
has
estimated
that
the
first
trace
of
irridescence
or
colour
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 is
formed
when
about
15
millilitres
of
oil
is
spread
over
100
square
mutres
(2
lOO
U.S.
gallons
over
one
square
mile.
or
a
film
about
0.15
microns
thick)
(NAS/NAE,
1974).
Surface
slicks
must
also
be
prevented
to
protect
waterbirds
and
aquatic
mammals.
The
mortality
of
waterbirds
as
a
result
of
severe
oil
pollution
is
direct
and
immediate,
and
in
major
oil
spills.
deaths
have
been
measured
in
the
thousands.
Birds
that
feed
from
the
water
or
settle
on
it
are
vulnerable;
diving
ducks
especially
so.
Plumage
matted
with
oil
allows
water
to
displace
air,
causing
the
bird
to
lose
both
insultation
and
buoyance.
Oil
ingested
during
preening
can
haVe
toxic
effects.
Less
obvious,
but
long—continued
small
slicks
such
as
from
sewered
oil,
will
in
the
end
have
similar
debilitating
effects
on
resident waterbirds.
Available
information on occupational health and industrial hygiene
indicates
that
any
tolerable
health
concentrations
for petroleum-derived
substances far exceeds
the limits of taste and odour.
Thus,
any hazards
to humans
from drinking oil—polluted water will not arise because such
substances become objectionable at concentrations far below their chronic
toxicity levels.
Oils of animal or vegetable origins are usually non-
toxic to humans and aquatic life.
Aquatic Organisms
The toxicity of crude oils and their derived substances to aquatic
life cannot be stated in simple terms because they contain many different
organic compounds and inorganic elements. The major components of crude
oil are a series of hydrocarbons from paraffins and napthenes to aromatics,
resins, asphaltenes, heterocyclic compounds and metallic compounds. The
hydrocarbons make up the major group of acutely toxic compounds and there
is agreement that their toxicity increases along the series paraffins,
napthenes, and olefins to aromatics. Within each series of hydrocarbons,
the smaller molecules are more-toxic than the larger molecules. However,
the high carbon number aromatics are the more persistent (Butler and
Berkes, 1972).
Among freshwater organisms some information is available for fish.
Lethal levels of oils are in the hundreds or thousands of pl/l. Bunker
oil is lethal to American shad at 2400 ul/l (Tagatz, 1961) and Atlantic
salmon at 1700 ul/l (Sprague and Carson, 1970). Crude oil slicks
exceeding concentrations equivalent to 500 mg/l killed young coho and
sockeye salmonin laboratory tests (morrow, 1974). Diesel oil kills
shad at 167 ul/l (Tagatz, 1961). Some petroleum products appear to
contain no soluble poisonous substances but when emulSified by
agitation with water they prove deadly to fish. Agitated solutions
of a
utom
obil
e g
asol
ine
and
jet
avia
tion
fuel
have
been
foun
d to
be
lethal to fingerling salmon at concentrations of 100 and 500 mg/l
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respectively (EPA, 1974). Long-term effects would not be expected from
these two fuels since they are volatile and would not remain in water
for more than short periods, but short—term sublethal damage could occur.
An excellent set of tests has recently been reported in a provisional
report by the U.S. National Water Quality Laboratory (Hedtke et al.,
1974). Used crankcase oil was used in their tests, and this is probably
a major source of oil in the Great Lakes. Floating oil killed fathead
minnows at 11,000 ul/l, but mixed into the water it killed these fish at
1,600 ul/l, and flagfish at 1,000 ul/l. In chronic tests with flagfish
(Jordanella floridae), 338 ul/l affected reproduction, while 93 ul/l did
not. These are all nominal or "added" concentrations. We may take the
ratio of proven "safe" level to the LC50, = 93/1,000 = 0.093, as an applic-
ation factor which is potentially useful in other situations.
 
Toxicity to marine animals (i.e. living in sea water), seems to have
been studied more extensively that toxicity to freshwater forms. Marine
invertebrate larvae seem particularly sensitive to oils. About 100 ul/l
of various crude oils were lethal to planktonic stages of crab larvae and
several other invertebrates (mironov, 1969a,b), shrimp (Mills and Culley,
1972). The same concentration of No. 2 fuel oil killed kelp crab larvae
(Lichatovich et al., 1971), while 10 ul/l of "oil" killed a copepod in 4
days (Mironov, 1968). Lobster larvae were killed in 4 days by 13 mg/l
of dispersed crude oil, and in 30 days by only 0.78 mg/l. Those were
nominal concentrations and the acutal concentrations of oil estimated
by measurement of the aromtics by u.v. spectrophotometry were only
18% of those values. That is, measured concentrations in the lobster
experiments were 4-day LC50 = 2.3 mg/l and 30-day LC50 = 0.14 mg/l
(Wells, in preparation).
Some sub—lethal effects have also been documented in marine animals.
Crude oil at 100 ul/l caused inactivity and lack of survival over 2 weeks
of Neopanope (Katz, 1973). For lobster larvae, the safe concentration
of dispersed oil for rate of development and moulting was 0.72 mg/l
nominal concentration, about the same as the 30-day LC50. The measured
concentration would be 0.13 mg/l (Wells, in preparation). The ratio of
this "safe" Concentration to the 4-day LCQO is 97%2-= 0.55, a value
which may be used as an application factor. For floating crude oil,
the 4-day LC50 for lobster larvae was 150 mg/l, moulting was slowed at
12.5 mg/l, yielding a similar application factor of 0.083. For floating
No. 2 fuel oil, the same values were 60 and 12.5 mg/l yielding an
application factor of 0.21 (Wells, in preparation).
It is probable that the safe level of crude oils for sensitive Great
Lakes crustaceans would be in the vicinity of 2 — 4 ul/l, as is the case
for their marine cousins. However, suchexperiments have apparently not
been done for freshwater invertebrates, and thus it is not warranted to
use these low concentrations as criteria in the Great Lakes.
 
 U
s
e
of
a
p
p
l
i
c
a
t
i
o
n
f
a
c
t
o
r
s
d
o
e
s
s
e
e
m
w
a
r
r
a
n
t
e
d
.
The
t
h
r
e
e
a
p
p
l
i
c
a
t
i
o
n
f
a
c
t
o
r
s
o
b
t
a
i
n
e
d
for
a
marine
crustacean
are
close
to
t
h
e
o
n
e
c
a
l
c
u
l
a
t
e
d
f
o
r
f
l
a
g
f
i
s
h
in
f
r
e
s
h
wa
t
e
r
.
T
h
e
m
e
d
i
a
n
of
the
four
a
p
p
l
i
c
a
t
i
o
n
f
a
c
t
o
r
s
is
0.088,
or
close
to
0.09.
A
p
p
l
yi
n
g
this
to
the
a
ve
r
a
g
e
lethal
c
o
n
c
e
n
t
r
a
t
i
o
n
s
m
e
n
t
i
o
n
e
d
for
freshwater
fish,
we
m
a
y
e
s
t
i
m
a
t
e
"safe"
levels
for
fish
as
follows:
B
un
k
e
r
oil
180
ul/l
Used
crankcase
oil
120
ul/l
Crude
oil
slicks
45
ul/l
Jet
avaiation
fuel
45
ul/l
Diesel
oil
15
ul/l
Automobile
gasoline
9
ul/l
Those
concentrations
are
nominal
(added)
ones,
and
would
have
to
be
related
to
the
measured
concentrations
in
the
water,
according
to
the
chemical
procedures
used
in
any
individual
situation.
The
approximate
"safe"
concentrations
listed
above,
are
higher
than
those
which
would
be
expected
to
cause
problems
of
odour,
amenities,
etc.
under
objectives
(a)
to
(d).
Therefore
the
safe
concentrations
for
aquatic
life
have
not
been
listed
in
the
objectives,
since
other
uses
are
more
restrictive.
The
application
factor
has
been
put
into
the
objectives.
It
seems
likely
that
future
research
with
sensitive
organisms
will
show
that
in
some
situations,
objective
(e)
will
be
the
most
restrictive.
Control
The eventual fate of oil in water depends on the basic processes
of weathering, dispersion and degradation.
The removal of hydrocarbons
from water is accomplished by its breakdown into carbon dioxide and water.
The natural processes that bring about the disappearance of oil in water
include evaporation, solution, formation of emulsions, and sinking but
none of these processes render the oil harmless to the aquatic environ—
ment.
The ultimate destruction of oil depends upon its oxidation which
is mainly by bacteria, although some photo-oxidation takes place.
There have been numerous corrective measures derived to clean up
spilled oil, such as mechanical means and the use of detergents. Mechanical
means have proven quite successful, but the use of detergent to disperse
the oil has in many instances produced considerably more toxicity to
aquatic life than the oil proper. The toxicity effects of detergent-
oil mixtures are covered by the section on Unspecified Toxic Substances.
The only effective measures for the control of oil pollution of water
is prevention of all spills and releases.
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In this connection it is not generally recognized that much more
oil
ent
ers
wor
ld
wat
ers
fro
m r
out
ine
ope
rat
ion
s a
nd
dum
pin
g,
tha
n f
rom
spil
ls.
For
exam
ple,
the
Inte
rnat
iona
l La
ke E
rie
Wate
r P
ollu
tion
Boar
d
(19
69,
pag
e 2
52)
has
est
ima
ted
tha
t t
he
inp
ut
of
oil
and
gre
ase
to
the
Det
roi
t a
nd
St.
Cla
ir
Riv
ers
is
in
exc
ess
of
abo
ut
1,1
00
bar
rel
s p
er
day
.
Thi
s i
s i
n t
he
vic
ini
ty
of
64,
000
met
ric
ton
s o
f o
il
per
yea
r.
Suc
h
a
"no
rma
l"
ope
rat
ion
is
equ
iva
len
t
to
the
amo
unt
of
oil
fro
m
3 o
r
4 m
ajo
r
tan
ker
wre
cks
,
eve
ry
yea
r,
eac
h
the
siz
e
of
the
"Ar
row
" d
isa
ste
r
on
the
Can
adi
an
eas
t
coa
st.
Sim
ila
rly
,
the
Int
ern
ati
ona
l N
iag
ara
Riv
er
Pol
lut
ion
Boa
rd,
(IJC
, 1
971
, p
. 2
8)
rep
ort
ed
that
29
mil
lio
n p
oun
ds
of
oil
s w
ere
dis
cha
rge
d to
the
Upp
er
Nia
gar
a R
ive
r.
Thi
s i
s a
bou
t 1
3,0
00
met
ric
s t
ons
per
yea
r,
alm
ost
equ
iva
len
t t
o o
ne
"Ar
row
" s
ize
wre
ck.
Furt
herm
ore,
the
Boar
d es
tima
ted
that
40%
of t
he o
il c
ame
from
muni
cipa
l
tre
atm
ent
pla
nts
.
Lar
ge
qua
nti
tie
s o
f o
il
are
als
o c
ont
ain
ed
in
dre
dgi
ng
spoi
ls.
Dred
ging
oper
atio
ns
in C
leve
land
harb
our
in 1
966
and
1967
res
ult
ed
in
the
dis
pos
al
of
ove
r
16,
000
met
ric
ton
s o
f o
il
and
gre
ase
to
Lak
e E
rie
(In
ter
nat
ion
al
Lak
e E
rie
Wat
er
Pol
lut
ion
Boa
rd
et
a1,
196
9).
Aga
in,
tha
t i
s j
ust
abo
ut
equ
al
to
the
amo
unt
of
oil
in
the
wre
cke
d "
Arr
ow"
.
It i
s ev
iden
t t
hat
as m
uch
poll
utio
n—co
ntro
l ef
fort
shou
ld b
e de
vote
d to
these routine sources as to spills.
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UNSPECIFIED NON-PERSISTENT TOXIC SUBSTANCES AND COMPLEX EFFLUENTS
RECOMMENDATION
It is recommended that the following new objective for unspecified
non—persistent toxic substances and complex effluents be adopted:
Unspecified non—persistent toxic substances and complex effluents
of municipal, industrial or other origin should not be present
in concentrations which exceed 0.05 of the lethal concentration
(96—hour L050) for any approved test species to protect aquatic
life.
RATIONALE
This procedural objective is developed to limit the effects of:
(l) unspecified non-persistent substances toxic to aquatic life but
which are not presently identified by a specific objective within
Annex I of the Agreement, and (2) complex industrial and municipal
effluents which are toxic to aquatic life and are discharged directly
to the Great Lakes.
A large number of specialty chemicals are presently utilized in
industrial processes, in agriculture and in the home. They include
chemical reagents, disinfectants, pest control products, preservatives,
emulsifiers, defoamers, floatation and chelation agents. In some cases
treatment systems are either not utilized or are inadequate to reduce
the toxicity of these materials before they are discharged to surface
waters. Some of these substances combine with others in ways which have
not been defined, analytical proceduresnecessary for their identification
and quantification have not been developed and toxicity testing sufficient
to permit establishment of a specific water quality objective has not been
conducted. These substances may be discharged as components of complex
effluents and their effects within the receiving water will be in—
distinguishable from the combined effects of the total discharge. In
view of the unspecified nature and the lack of an adequate toxicological
data base for these substances the objective recommends use of an application
factor with acute toxicity data derived for approved test species.
Acute toxicity refersto 96 — hour concentrations lethal to half of
the test organisms (96-hour LC ) the median lethal concentration) derived
in accordance with "Methods for Acute Toxicity with Fish, Macroinvertebrates
and Amphibians", U.S. Environmental Protection Agency (in press); or
published acute toxicity data expressed as the median lethal concentration
for a 96—hour exposure duringwhich test conditions were such that
chemical and physical characteristics of the dilution water are comparable
to existent water quality conditions at the boundary of the mixing zone.
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Approved test species means any sensitive, locally important Great
Lakes species or life history stage selected by the regulatory agency
on the basis of appropriateness, or those species which have been
used successfully in freshwater toxicity tests which are representative
of sensitive important Great Lakes species.
To ensure that aquatic life within the receiving waters are afforded
adequate protection from acute toxicity of these materials, it is necessary
to perform bioassays to establish the toxicity of individual Substances or
mixtures and to use an application factor which should, in the majority of
cases, reduce the concentration to that which is non-lethal for chronic
exposure. The use an application factor will not preclude the possibility
of sub—lethal effects occurring, but, since by definition these substances
are non—persistent, exposure times will tend to be of short duration and
effects outside mixing zones would not normally be expected. Where effects
Outside established mixing zones are demonstrated it should be evident
that the application factor was inadequate to derive an objective which
would provide for and protect the designated use.
The test species utilized for the establishment of an objective
should ideally correspond to the most sensitive important species
existing in the locality where the objective is to apply. This is the
recommendation currently proposed in Water Quality Criteria 1972 (NAS—
NAE, 1974). While this is scientifically sound, it presents a serious
difficulty in practice. In order to determine which local species is
most
sens
itiv
e to
a gi
ven
intr
oduc
ed t
oxic
ant,
it i
s ne
cess
ary
to e
valu
ate
a l
arg
e n
umb
er
of
org
ani
sms
.
Con
seq
uen
tly
,
the
obj
ect
ive
rec
omm
end
s a
cho
ice
of
loc
all
y i
mpo
rta
nt
tes
t s
pec
ies
whi
ch
are
kno
wn
to
tol
era
te
lab
ora
tor
y
tes
t c
ond
iti
ons
.
Sel
ect
ion
of
the
app
rov
ed
tes
t s
pec
ies
sho
uld
inc
lud
e r
epr
ese
nta
tiv
es
of
col
d a
nd
war
mwa
ter
fis
h s
pec
ies
as
wel
l a
s
an important benthic invertebrates.
Re
co
gn
it
io
n
sh
ou
ld
be
gi
ve
n
to
the
la
rg
e
vo
lu
me
of
ac
ut
e
to
xi
ci
ty
da
ta
av
ai
la
bl
e
fr
om
th
e
sc
ie
nt
if
ic
li
te
ra
tu
re
si
nc
e
it
is
un
re
as
on
ab
le
to
re
qu
ir
e
ad
di
ti
on
al
te
st
in
g
of
th
os
e
su
bs
ta
nc
es
pr
ev
io
us
ly
bi
oa
ss
ay
ed
by
re
pu
ta
bl
e
la
bo
ra
to
ri
es
.
Th
e
ob
je
ct
iv
e
pe
rm
it
s
us
e
of
su
ch
da
ta
wh
er
e
a)
th
e
sp
ec
ie
s
te
st
ed
co
nf
or
ms
to
th
e
re
qu
ir
em
en
ts
fo
r
sp
ec
ie
s
se
le
ct
io
n
ac
co
mp
an
yi
ng
th
e
ob
je
ct
iv
e
an
d
b)
wh
er
e
di
lu
ti
on
wa
te
r
qu
al
it
y
ut
il
iz
ed
in
th
e
te
st
wa
s
co
mp
ar
ab
le
to
th
at
wh
ic
h
ex
is
ts
at
th
e
in
te
nd
ed
po
in
t
of
ap
pl
ic
at
io
n
of
th
e
ob
je
ct
iv
e
(b
ou
nd
ar
y
of
a
mi
xi
ng
zo
ne
).
Th
e
ch
oi
ce
of
ap
pl
ic
at
io
n
fa
ct
or
is
ba
se
d
on
th
e
re
co
mm
en
da
ti
on
pu
t
fo
rw
ar
d
by
(N
As
—N
AE
,
19
74
)
fo
r
de
te
rm
in
in
g
ac
ce
pt
ab
le
co
nc
en
tr
at
io
ns
of
to
xi
ca
nt
s
fo
r
wh
ic
h
co
mp
re
he
ns
iv
e
to
xi
co
lo
gi
ca
l
da
ta
ar
e
la
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should not exceed
0.05 of the LC 0 after mixing.
Since the boundary
of
a mixing
zone
may
be
located
éurther
from
the
source
than
the
point
at which rapid mixing
is completed,
and since monitoring by regulatory
agencies will
more
likely
involve
spatialsampling
an
irregular
schedule
rather than intensive sampling during a 24—hour period,
it is recommended
that
the
objective
be
0.05
of
the
96-hour
LC
at
the
mixing
zone
boundary.
Based
on
a broad
assessment
of
the
scientific
literature
relative
to
the differences between LC 0 values and incipient lethal concentrations
for a diverse array of toxicants, and between lethal and sub-lethal concen-
trations, it is considered that an application factor of 0.05 (l/20th)
will, apart from specialized cases, provide adequate protection to the
aquatic community.
Notwithstanding this recommendation, it is strongly
advised that where two or more unspecified toxicants are discharged
simultaneously,
that the potential for synergistic
or additive effects
be established through bioassay testing and that
the acceptable
concen—
tration be based on l/20th of the net toxicity of the mixture.
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 (3) QTﬁER stSTANCEs
BE
RECOMMENDATION
It
is
recommended
that
the
following,
revised
objective
for
pH
be
adopted
to
replace
the
existing
objective
stipulated
in
Annex
1
of
the
Water Quality Agreement:
Values
of
pH
should
not
exceed
the
range
6.5
-
9.0,
nor
should
discharges
change
the
pH
at
the
boundary
of
the
designated
mixing
zone
more
than
0.5
units
from
the
ambient.
EXISTING OBJECTIVE
The
above
objective
is
recommended
to
replace
the
existing
objective
in
Annex
1,
paragraph
1(e)
in
the
Water
Quality
Agreement,
which
states:
"Values
should
not
be
outside
the
range
of
6.7
to
8.5."
RATIONALE
pH is a measure of hydrogen ion concentration, and in natural waters,
results from the equilibrium achieved by the various dissolved compounds,
salts and gases. The primary system regulating pH in natural waters is
the carbonate system. Its role has been described in some detail by Stumm
and Morgan. (1970)
Public Water Supplies
 
The pH of a raw water supply is significant because it may adversely
affect water treatment process and contribute to corrosion of water works
structures, distribution lines, and household plumbing fixtures, adding
such constituents as iron, copper, lead, zinc and cadmium to the water
(NAS/NAE, 1974). Adjustment of pH within the range of 5.0 — 9.0, the
common range of pH values in natural waters, is relatively simple. "Water
Quality Criteria 1972": (NAS/NAE, 1974) recommends that since "the defined
treatment process can cope with natural waters within the pH range of 5.0
to 9.0, but becomes less economical as this range is extended, it is
recommended that the pH of public water supplies be within 5.0 to 9.0."
The "defined treatment process" includes sedimentation, rapid sand
filtration, and disinfection with chlorine.
Primary Contact Recreation
"Water Qulity Criteria 1972" states that "for most bathing and
swimming waters, eye irritation is minimized and recreational enjoyment
enhanced by maintaining the pH within the range of 6.5 and 8.3 except
for those waters with a low buffer capacity where a range of pH between
5.0 and 9.0 may be tolerated" (NAS/NAE, 1974). The principle author of
 
   
that section is Dr. E. Mood, Yale University. Subsequent investigations
on the level of protection afforded recreational users of Great Lakes
waters indicated that the characteristics of water in the Great Lakes
are such that no eye irritation would be expected if the pH did not
exceed 9.0. (E. Mood, personal communication)
Fresh Water Aquatic Life
  
Based upon present evidence (EIFAC, 1969; NAS/NAE, 1974), a pH range
of 6.5 — 9.0 will provide adequate protection for the life processes of
fresh water fish and bottom dwelling invertebrates. Outside of this
range, most aquatic organisms suffer adverse physiological affects of
increasing severity as the degree of deviation increases.
Fluctuation of pH may be harmful not only byproducing acid or
alkaline conditions, but also by increasing the toxicity of various
components in the waters. Reductions in pH caused by the addition of
acids can liberate dissolved C02 in amounts which may be toxic (Doudoroff
and Katz, 1950). Furthermore, acidification of water may increase the
toxicity of various components in the waters. The acute toxicity of
a metallocyanide complex increased by a factor of a thousand when pH
values where reduced by approximately 1.5 units (Doudoroff et al, 1966).
Conversely, increases in pH can cause concentrations of unionized
ammonia to increase to toxic levels. Unionized ammonia has been
demonstrated to be ten times as toxic at pH 8.0 as at pH 7.0 (EIFAC,
1973).
Because of such effects, pH changes of more than 0.5 pH units
should be avoided.
Aesthetic Consideration
The solubility of calcium carbonate in natural waters is influenced
by levels of pH. Where levels of dissolved calcium carbonate exceed
saturation, a pH approaching 9.0 may cause precipitation of this compound,
creating a milky tinge.
However, as the recommended upper pH limit of 9.0 will protect all
other designated users of the water, the range of 6.5 — 9.0 has been
endorsed, and, the objective for suspended solids should be used to
control local situations where precipitation of calcium carbonate may
aesthetically degrade water quality.
LITERATURE CITED
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WASTEWATERS FOUND TO
TABLE 10
 
HA
VE
LO
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RE
D
TH
E
PA
LA
TA
BI
LI
TY
OF
FI
SH
FL
ES
H
(NAS/NAE, 1974)
Wastewaters
Concentration in
water affecting
palatability of
fish
Species
Reference
2,4-D mfg. plant
Coal—coking
Coaltar
Kraft process
(untreated)
Kraft process
(treated)
Kraft and neutral
sulfite process
Municipal dump
runoff
Municipal untreated
sewage (2 locations)
Municipal wastewater
treatment plants
(4 locations)
Municipal wastewater
treatment plant
(Primary)
Municipal wastewater
treatment plant
(Secondary)
Oily wastes
Refinery
Sewage containing
phenols
Slaughterhouses
(2 locations)
50-100 ml/l
0.02-0.1 m1/1
0.1 ml/l
1—2% by vol.
9—12% by vol.
11-13% by vol.
20—26% by vol.
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Trout
Freshwater
fish
Freshwater
fish
Salmon
Salmon
Trout
Channel
catfish
Channel
catfish
Channel
catfish
Freshwater
fish
Freshwater
fish
Trout
Trout
Freshwater
fish
Channel
catfish
Shumway 1966
Bandt 1955
Bandt 1955
Shumway and
Chadwick 1971
Shumway and
Palensky
1973
Newton 1967
Thomas & Hicks
1971
Thomas & Hicks
1971
Thomas & Hicks
1971
Shumway and
Palensky, un—
published data
Shumway and
Palensky, un-
published data
Zillich 1969
Fetterolf 1962
Bandt 1955
Thomas & Hicks
1971
 
 TABLE 11
CONCENTRATIONS OF CHEMICAL COMPOUNDS IN WATER FOUND T0 CAUSE
TAINTING OF THE FLESH OF FISH
(Modified from NAS/NAE, 1974)
 
Chemical Estimated threshold level Reference*
in water (mg/1)
acetophenone 0.5
acrylonitrile 18
cresol 0.07
m—cresol 0.2
o—cresol 0.4
p—cresol 0.12
cresylic acid (meta para) 0.2
N—butylmercaptan 0.06
o—sec. butylphenol 0.3
p—tert. butylphenol 0.03
o-chlorophenol 0.0001 to 0.015
p—chlorophenol 0.01 to 0.05
2,3-dichlorophenol 0.084
2,4—dichlorophenol 0.001 to 0.014
2,5-dichlorophenol 0.023
2,6-dichlorophen01 0.035
2-methy1, 4 chlorophenol 0.075
2-methyl, 6 chlorophenol 0.003
o-phenylphenol 1
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TABLE 1].continued
oil, emulsifiable
pyridine
pyrocatechol
pyrogaliol
quinoline
p—quinone
styrene
toluene
outboard motor fuel, as
exhaust
guaiacol
15
5 to 28
0.8 to 5
20 to 30
0.5 to 1
0.5
0.25
0.25
2.6 gal/acre-foot
0.082
7"Reference key:
Bandt 1955
Boetius 1954
English et a1.
Q
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w
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h
e
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i
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l
Company.
Schulze 1961
Shumway 1966
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Boyle 1967
Fetterolf
1964
published
the
results
of
A.W.
Winston,
Jr.
of
the
The
data
are
also
available
in
an
undated
mimeographed
release
of
the
company.
Shumway,
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L.
and
J.
R.
Palensky,
1973
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1963
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Edible portions of aquatic
life or wildlife whose flavour, odour,
colour or appearance has been tainted to a degree which lowers the
desirability and acceptability of the organism for use as determined
by organoleptic (sensory) tests represents damage to a resource.
Commercial and recreational harvest and their associated economic roles
have been negatively impacted by tainting (Thomas, 1973).
Many of the same compounds and wastes which cause objectionable
taste and odour in domestic water supplies can be taken up by aquatic
organisms and detected by the consumer. In addition, the appearance,
colour and consistency of an organism or its edible portions can become
less acceptable through exposure to a variety of contaminants and
conditions. Such tainting can occur in waters with concentrations of the
offending material lower than those recognized as being harmful to
the organism. Water Quality Criteria 1972 (NAS/NAE, 1974) reviews the
subject in detail and summarizes the literature on concentrations of
wastewaters found to have lower the palatability of fish flesh and
concentrations of chemical compounds in water than can produce iden-
tifiable taste in fish flesh. (Table 13 and 14).
These numbers should not be used as specific objectives. Chemical
analytical techniques were not described in many of the reports, many
of the sensory tests were conducted in uncontrolled environments, and
the nature of the tests was often subjective. There is great variability
in the threshold of sensory detection. In many cases the purposes of
the tests were not to define a threshold level or nondetection level,
but simply to provide information to a discharger on potential or existing
problems associated with operation of the facility. The numbers should
be used as guidelines in identifying possible sources when tainting
problems are investigated.
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PHYSICAL CHARACTERISTICS
SETTLEABLE_AND SUSPENDED SOLIDS AND LIGHT TRANSMISSION
RECOMMENDATION
It is recommended that the following revised objective for
settleable and suspended solids and light transmission be adopted to
replace the existing interim objective in Annex 1, paragraph 2 (d)
of the Water Quality Agreement:
For the protection of aquatic life, waters should be free
from substances attributable to municipal, industrial or
other discharges resulting from human activity that will
settle to form putresceht or otherwise objectionable sludge
deposits or that will alter the value of the Secchi disk depth
by more than l0 percent.
EXISTING OBJECTIVE
The above objective is recommended to replace the existing interim
objective for "Settleable and Suspended Materials” which is specified
in Annex 1, paragraph 2 (d) of the Agreement, which states:
"Waters should be free from substances attributable to municipal,
industrial or other discharges that will settle to form putrescent
or otherwise objectionable sludge deposits, or that will adversely
affect aquatic life or waterfowl.
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 Chandler shows that the algal productivity is high when turbidity is
low and vice versa (Chandler 1940; 1945). His studies indicate that
the composition, size, duration and emergence of phytoplankton pulses
in this area are influenced by turbidity (Chandler, 1942a; 1942b;
1944; 1945). As the light energy fixed into organic matter by phyto-
plankton is the basis of almost all aquatic life, the turbidity-induced
effects on these plants have ramifications throughout the ecosystem.
The ecological effects due to turbidity may be entirely natural.
Such mechanisms as wave induced shoreline erosion and resuspension of
bottom sediments, and the bloom of algal cells under favorable conditions
may decrease light transmission to such an extent that the magnitude
of photosynthesis is substantially curtailed. In addition, human
activities may greatly alter turbidity and increase its fluctuations,
thus having a large and usually unfavorable effect on the ecosystem.
Besides the obvious effects on turbidity from direction addition of
particulates, human activities can indirectly increase turbidity by
adding nutrients that cause increased production and abundance of aquatic
plants. In special circumstances human activities can also decrease
turbidity by adding substances that cause the existing particles to
aggregate and settle out of suspension faster than otherwise would occur.
Even this effect could be detrimental to beneficial uses of the water by
allowing much greater than usual algal production and by smothering
benthic organisms and fish eggs. Large blooms of algae can lead to taste
and odor problems in public water supplies as well as making the water
aesthetically less suitable for such recreational activities as boating,
water skiing, fishing, etc. Thus alterations in the ability of Great
Lakes water to transmit light need to be strictly controlled.
\
This need was recognized for all aquatic environments in the U.S.
by the National Academy of Sciences in its recommendations on water
quality criteria (NAS/NAE, 1974). The Academy recommends "The combined ;
effect of color and turbidity should not change the compensation point
more than 10 percnet from its seasonlly established form, nor should such
a change place more than 10 percent of the biomass of photosynthetic :
organisms below the compensation point.” The term compensation point i
signifies the depth at which the amount of light energy fixed by algae 1
is balanced by the energy used during normal metabolic processes. At
depths greater than this point more energy is used than the algal cells
fix. As a result the algae must use metabolic reserves in order to
survive. This recommendation is intended to protect the naturally
occurring photosynthetic capacity in the upper waters where photosynthesis
takes place. The only problem with a criterion based on compensation point
and biomass is the difficult and time—consuming nature of the measurement.
For this reason, and objective upon light extinction as measured by
Secchi Disk, an easy and problem-free procedure, is being recommended.
Furthermore, it is generally accepted that the Secchi Disk measurement
bears an approximately constant relation to the lower limit at which the
162
 
 necessary light to carry on photosynthesis is available (e.g., Holmes,
1970).
The value of 10% recommended in this criterion is somewhat arbitrary
in that any alteration in turbidity will affect light transmission and -
consequently photosynthesis. Small changes in turbidity are difficult
to detect, however, and will usually have only a minor effect on photo—
synthesis. Thus, the 102 value has been chosen as a level that can be
detected quite easily and at which appreciable changes in alga]
production may begin to occur.
The United States Environmental Protection Agency in a late draft
of a report to be published in Spring of 1975 has adopted the recommendation
of the NAS. The complete NAS recommendation includes (NAS/NAE, 1974):
"Aquatic Communities should be protected if the following maximum
concentrations of suspended solids existz"
High level of protection 25 mg/l
Moderate protection 80 mg/l
Low level of protection 400 mg/l
Very lowlevel of protection over 400 mg/l
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 While indicating that no sharp boundaries exist for inert suspended
solids whereby fisheries are not damaged above Lhat level, the EIFAC
review yielded the following conclusions assuming inert solids and other-
wise satisfactory water quality:
"(a) there is no evidence that concentrations of suspended solids
less than 25 ppm (parts per million) have any harmful effects on
fisheries;
(b) it should usually be possible t) maintain good or moderate
fisheries in waters which normally contain 25 to 80 ppm suspended
solids. Other factors being EQJal, however, the yield of fish from
such waters might be somewhat lcwer than from those in category "3";
(c) waters normally containing from 80 to 400 ppm suspended solids
are unlikely to support good freshwater fisheries, althOugh fisheries
may sometimes be found at the lower concentrations within this range;
and
(d) at the best, only poor fisheries are likely to be found in waters
which normally contain more than 400 ppm suspended solids".
However, available evidence indicates that the death rate for fish
living in water containing 200 ppm or more of suspended solids for long
periods of time will be greater than for similar fish living in clear
water, and that suspended material from industrial discharges (e.g.,
coal washings and pulp wastes) may be substantially more toxic (EIFAC,
1965).
The committee added a caveat that although exposure to several
thousand parts per million for several hours or days may not kill fish,
such excessive concentrations should be prevented in waters reserved
for maintenance of good fisheries.
Settleable materials which blanket the bottom of water bodies
damage the invertebrate populations, block gravel spawning beds, and
if organic, remove dissolved oxygen from overlying waters (EIFAC, 1965;
Edberg and Hofsten, 1973). In a study downstream from the discharge
of a rock quarry where inert suspended solids Were increased by 80 mg/l,
the density of macroinvertebrate populations also decreased by 60 percent
regardless of the suspended solid concentrations (Gammon, 1970). Similar
effects have been reported dowustream from an area which was intensively
logged. Major increases in stream suspended solids (25 mg/l upstream
vs. 390 mg/l downstream) caused smothering of bottom invertebrates,
reducing organism density to only 7.3 per square foot versus 25.5 per
square foot upstream (Tebo, 1955). 5
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 northeastern shore of Hudson Bay. Mussels were exposed for 5 days
in extremely high concentrations of 100 mg/l and 10 mg/l. Some were
removed after exposure and prepared for tissue examination while others
were placed in "unpolluted" water for 7 days to provide an opportunity
for purging before tissue examination. Examination showed clearly
that asbestos fibres penetrated the epithelial tissue of the stomach
and intestinal tract of mussels in the variations of exposure and
post—exposure. Apparently some mussels were allowed longer purging
periods for Halsband states, "After several weeks exposure ... to
unpolluted seawater these foreign bodies were not disposed of". He
concluded that tissue damage had occurred, but offered no evaluation
of effects.
The Canada Centre for Inland Waters reports they do not know of
experimental work in Canada dealing with effects of asbestos on aquatic
organisms. The U.S. EPA National Water Quality Laboratory at Duluth
has commenced a $644,000 project extending to 1979 entitled "Environmental
Impact of Asbestos on Freshwater Organisms". This project will:
determine the extent to which environmental contamination has occurred
in the U.S. by extensively surveying all existing data; employ tracer,
autoradiographic and other refined techniques to identify target organs
and tissues in important fish species; develop better methods to determine
asbestos content in water and tissue; develop response data relating
effects of freshwater organisms exposed to asbestos fibres; and determine
the extent to which previous water quality criteria dataw s affected
by the laboratory's water supply contamination by asbestiform minerals.
Examination of the research plan suggests the emphasis will be on
fish and larger invertebrate animals. Effects on plankters may be of
aquatic or greater importance and might be more easily detected. Tests
with these smaller organisms should be conducted.
The IJC Research Advisory Board's Standing Committees on Health
Effects and Scientific Basis for Water Quality Criteria have established
lines of communication with personnel on the research projects and will
remain alert to findings appropriate to establishment of objectives.
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NON—DEGRADAT I 0N AND._ENHANC EMENT
 
RECOMMENDA Q" 01V
It is recommended that the Following statements regarding non—
degradation and enhancement be adopted to replace the existing statement
which appears in paragraph 3, Annex 1 of the Water Quality Agreement:
ypn~degradaticn
Notwithstanding the adoption of specific water quality objectives,
all reasonable and practicable measures shall be taken in
accordance with paragraph 4 of Article III of the Agreement to
maintain the levels of water quality existing at the date of
entry into force of the Agreement in those areas of the
boundary waters of the Great Lakes System where such water quality
is better than that prescribed by the specific water quality
objectives.
earners/Ht
In areas designated by the appropriate jurisdiction as
having outstanding natural resource value and which
have water quality better than prescribed by the specific
water qualitg objectivesj that water quality should be
maintained or enhanced.
 
EXISTING OBJECTIVE
The above statements are recommended to replace the existing non—
degradation statement in Annex 1, paragraph 3 of the Agreement, which
states:
"Notwithstanding the adoption of specific water quality
obje
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es,
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quality objectives is to upgrade and enhance water quality that is
already deteriorated from the objective. In many areas, however, depending
on the assigned use, the existing level of water quality is significantly
better than the objective stated for that use. It becomes equally
important then, that in order to maintain existing water uses, the water
quality not be deteriorated from present levels.*
The Congress of the United States in the first sentence of the 1972
Amendments to the Federal Water Pollution Control Act stated:
"the objective
of this Act is to restore and maintain the chemical, physical and biological
integrity of the Nation's waters" (emphasis added).
Similarly, "Guidelines
and Criteria for Water Quality Management in Ontario" state in part that
"water of a higher quality than that required by thestandard will be
maintained at that high quality..."
These statements clearly indicate the
importance placed on preserving existing water quality, and are the basis
on which non-degradation policies must be established with respect to the
boundary waters of the Great Lakes System.
The Water Quality Agreement in Article III and again in Annex 1
presents a statement of non—degradation.
There are provisions
in this
statement which can result in technical misinterpretation of non—degradation,
and water quality degradation of even sensitive areas of the Great Lakes.
Technical misinterpretations of the stated non—degradation policy
center upon the word "exceed".
The statement indicates that water quality
must be maintained
at existing levels where
such levels
"exceed" the specific
water quality objectives.
It is generally understood that the drafters of
the Agreement intended that water quality should be maintained at existing
levels when those levels are within the limits of
the stated objective.
In a majority of cases, water quality objectives are concentrations of
contaminants above which water uses will be restricted.
In other cases,
the objective
is the lowest concentration which should be maintained to
assure the stated use.
Therefore, a strict interpretation of the word "exceed"
could mean that if a particular parameter concentration was greater than
the objective, maintenance at that level we
:ﬂtbe appropriate when actually
the water quality objective
was.beingviol
Ved.
Maintaining water quality
which is "better" than the stated objective more properly states the intent
of the non—degradation policy.
Under current policies,
degradation of the water quality of the
boundary waters of Great Lakes system can occur provided
that "all reasonable
and practicable measures" are taken to maintain that quality.
The implied intent
of the Agreement is not to allow water quality degradation except in special
circumstances and under very tight restrictions.
That such deterioration should
be allowed under warranted conditions may be necessary to preserve a resource
of higher value.
* Conformance with a non-degradation policy assumes a knowledge of baseline
water quality.
Other committees and study groups within the International
Joint Commission are assigned the task of ascertaining existing levels of water
quality.
Concurrence with respect to the results of these activities will
necessarily be the basis from which non—degradation is required.
 The National Resource Defence Council recognized that fact when in
1973 they adopted a policy on non-degradation. That policy states in part:
"After public hearings, all water segments in the state should
be divided into two categories. Category I would be segments which
should be kept in their present condition because they constitute
an outstanding natural resource, gbgtj rivers in parks and other
waters of great recreational or ecological significance. No
degradation in these segments would be allowed.
Category II would be all other segments. Water quality here would
be allowed to degrade by a small predetermined percentage. The
percentage would vary depending on the water quality parameter but
in no case would the percentage be large enough to allow the waters
to degrade significantly. Moreover, if existing water quality meets
the 1983 interim standard expressed in Sections 101 (s) (2) and 302
of the Federal Water Pollution Control Act, the quality should in no
case fall below that standard. The water quality required by 1983
is that which provides for the protection and propogation of fish,
shellfish, and wildlife and which provides for recreation in and on
the water."
There are within the boundary water of the Great Lakes System areas
which are of special natural resource significance. These areas must
receive the maximum amount of protection that current technology and legislation
can provide. A non—degradation policy should reflect this protectionist
philosophy for those unique areas of the Great Lakes that deserve this
special attention. In order to assure that these areas are recognized an
effort must be made to designate areas of "outstanding natural resource
value". The intent is not to prohibit all use, development, or discharge
into such areas, but rather to assure that water quality is at least maintained
at existing levels. The recommended revision provides management with a
basis for maintaining 9£_upgrading the existing water quality.
  
   
MIXING ZONES (GUIDELINES FOR DESIGNATION)
The following concepts are recommended as non—numerical mixing
zone guidelines which reflect good water management principles:
1. A mixing zone is an area, contiguous to a point source,
where exceptions to water quality objectives and conditions
otherwise applicable to the receiving waterbody may be
granted.
It is not prudent to provide blanket exemption from all water
quality objectives within mixing zones. Therefore, exemption should
be at the discretion of the regulatory authority on the basis of local
conditions.
2. Specific water quality objectives and conditions applicable
to the receiving waterbody should be met at the boundary of
mixing zones.
It is important to recognize that this concept allows the plume
of the effluent to be identifiable outside the mixing zone. It does
not limit the extent of the plume, only that portion of the plume that
is not required to meet water quality objectives.
3. Limitations on mixing zones should be established by the
responsible regulatory agency on a case—by-case basis, where
"case" refers to both local considerations and the waterbody
as a whole, or segment of the waterbody.
Guidelines cannot be substituted for knowledge of local areas or
common sense but they can assist in identifying critical factors on
which to base decisions. Mixing zones should be tailored to the
characteristics of receiving systems, recognizing not only the local
effect, but the cumulative effect of all mixing zones on the waterbody
or segment thereof.
4. Mixing zones, by definition, represent a loss of value.
Because specific water quality objectives define minimum conditions
to provide for and protect a use and because exemption to objectives may
be granted within mixing zones, it is apparent that certain values are
lost. There is a gradation of loss of values from greatest at the end
of the pipe to least at the periphery. Mixing zones may increase
recreation potential or production of desirable organisms in some
instances and losses may occur only seasonally. However, in allocation
of loss of biological value it may be assumed that areas within mixing
zones represent a potential total loss of the most sensitive value
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 identified as being affected adversely.
5. Many of the general water quality objectives should apply
to the discharge-related materials within mixing zones.
The zones should be free of:
(a) objectionable deposits;
(b) unsightly or deleterious amounts of flotsam, debris, oil,
scum and other floating matter;
(c) substances producing objectionable colour, odour, taste,
or turbidity; and
(d) substances and conditions or combinations thereof at levels
which produce aquatic life in nuisance quantities that
interfere with other uses.
Objections of people to a point source discharge are often related
to the impact on their aesthetic sensitivities. Aesthetically acceptable
mixing zones create goodwill among the discharger, the public and the
regulatory agency.
6. No conditions within the mixing zone should be permitted l
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